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PREFACE 



SECOND EDITION. 



I mp bl t q th gh t fl k I dg by Ii t ly f 

b k 1 tk t p rs 1 1 t d h B t th gk 

1 ta tl pky 1 iias b ra y t my 

p t k t th h m t fk ]ky d tk 1 t I m k 1 1 

tk tkj-f dpiy tmtkwhwtmk pby 1 p ra ts 
Til t in int t f th bj t I t( t j k k i ti 

necessity for tke study. Tke amateur confines kimself usually to some special 
branck of Ike science, but the teacker must kave a muck more general acquaint- 
ance witk tke art of experimenting; for the intellectual and material import- 
ance of physical science is daily becoming more evident, thougk its practical 
utility is tkat wkich will first gain it a place in the sckool. In order tkat 
instniction in natural science may accomplish that wkich is expected of it, 
(wkatever may be tke method employed,} it mnst be supported by experiment. 
The time wken chalk and black-board were all tkat were required, is, fortunately 
for our schools, long past. 

To assist instruction by experiment, requires something more than the expend- 
iture of money in the purchase of apparatus: the teacher must know how to 
make experiments. Many teachers, howcTor, kave had no oppoi'tucity, after the 
completion of their studies, to acquire the art of manipulation, and must lea™ 
it after tke apparatus kas been placed iu their hands as teachers; and how 
often is the division of studies made to depend upon which teacher can occupy 
two to four extra, hours a week ! Even if tke first selection of apparatus be left 
to the teacher, the means, usually sparing enough, will often, in spite of his best 
endeavors, be injudiciously expended, though kardly aufScient to procure the 
most indispensable articles; wkile no provision at all is made for tke future 

fiii) 
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development of the instructor himself. The teacher can only overcome this 
difHculty by undertaking himself to constrnct anch apparatus as <Joes not 
require a particular arrangemeat of the worlsshop, special dexterity, and accu- 
rate execution; or, at 'least, to have them made under Ha direction by such 
mechanics as are accessible. This is possible only when the apparatus is 
reduced to the simplest form consistent with its object. 

Many others are placed more or less in the same circumstances as the teacher, 
and the amateur in, physics will take pleasure in constructing apparatus for 
himself. 

It is the object of this book on the one hand, to furnish an introduction to 
physical experimentation, to describe all the particulars requisite to success, to 
call attention to those points which must be considered in the purchase and use 
of apparatus; and on the other hand, to give instructions for the construction 
of apparatus in the cheapest and most effective way. 

Much of what is here treated of is scattered through the test-boolis on 
physics; but there ia much more which would be out of place in a text-book, 
and is preserved only by tradition among physicists. It follows, from what has 
been said, that the book cannot treat of experiments intended to advance the 
science, but of such as are suited to the demonstration of known laws, and must 
even exclude those which illustrate laws too recondite for general instruction. 
The theoretical importance of the phenomena of fluorescence, and the teusiou 
produced on wires by electrical induction, have induced me to mention them, 
although they have not yet found their way into text-books. 

It was no part of my design to make a complete collection of experiments or 
apparatus ; and those experiments which require no particular appai'atus or care 
have been passed over for the most part in silence. Of several esperiments for 
the illustration of the same laws, the preference is given to those which are 
most easily performed, most striking, and cheapest. 

In regard to the making of apparatus, I have described only such as one with 
some mechanical sldll, or the aid of a good mechanic, may make for himself. 
Such tilings as air-pumps, telescopes micioscnpes, etc , must always he bought 
from the dealers. If one does not obiei,t to the liouble of overseeing, many a 
thing can be made by a handy mechanic which is in no way contemptible; f'oi- 
this reason, many pieces of apparatus have been diawn in section. The money 
spared in this way may be expended m the puichase rf other articles which 
cannot be made at home, and thus moie accomplished with little means. 

In this edition I have, moie fiequent than in the foimcr, in connection with 
the simplest apparatus, also desciibed moie complpx ones, which answer the 
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purpose tetter. The clioice must depend upou the time and the ineaos, as well 
as upon the scope of the instruction. 

It is true that, in begiuuiug, the amateur instrument-maker, with ail the pains 
that he may take, will not make very elegant apparatus; but it will at least be 
useful, while one often buys apparatus which he conld just as well make him- 
self, or which was not properly examined, or well packed before sending. 

All costly articles should be purchased from makers of known character. 

I have not designed to explain all the mechanical operations necessary, and 
have assumed technical terms as known; for otherwise, the description of the 
apparatus would have been too prolix. It was necessary, however, to the 
object in view, that directions should be given for such common operations as 
soldering, varnishing, glass-working, etc. I have been induced, partly by 
experience, and partly by the wish of experienced friends, to collect the descrip- 
tion of these several processes, and make of them a separate division of the 
book. This gave the opportunity to describe several operations more minutely 
than was done in the first edition. Such operations as are only necessary in a 
special experiment have been left in their place, as they would be sought for 

The size of the apparatus is always given, either in the text or in the figures, 
as I have learned by esperienoe how greatly one may err in this respect. In. 
these measnres, the line is assumed as equal to 3 millimeters. 

Although I had in general avoided the designation of apparatus by the names 
of the inventor, except when this was in common use, some errors of this kind 
crept into the first edition. I have done my best to coi'rect these eri-ors in this 
edition, and repeat my former declaration, that I did not feel bound to go into 
investigations of the right of priority. I am glad to receive corrections, when 
made in a proper spirit. 

In the arrangement of subjects, I have followed Professor Muller'a text-book 
of physics. Many figures have also been borrowed from the same book, with 
the consent of the author. The desii-e to make the book as cheap as possible, 
induced me not to repeat the description of such apparatus a*! lor example the 
air-pump, whose construction is described in every text-book of physits , but, 
assuming their construction as known, to allnde only to the precautions neces- 
sary in using or construotmg them. Everything relating to chemistiy has 
been omitted, because there are already excellent hand-books on this subject. 

My attempt at an introduction to physical experimentation has been received 
with more favor than, from its imperfections, I had any reason to expect; as is 
best shown by a new edition being reqiured in so short a time. I have used 
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every oppoit inity m the mtan tima, to supply the defects of tlie former edition, 
both by clearei do^cnptioii'' of processes ind by more deCnite stiitfmcnfs of 
number and measuie 

In perfecting the present ed t on I have been under obligation to many 
friends and acquaint ancea for the desc pt n of a mple apparatus ; and especially 
to Professor Varientrapp oi B u w cL I ould here express my thanlts to 
these ftieods and alto to the [ublshe-s who have enriched this edition with 
many additional figures and substituted many new ones for others ■whieh were 
wanting in pieoision and accuracy. This is a matter of great importance, for 
the design of the book lequires the most careful delineation of the objects 
described. 

May this edition be i=i kindly received as the last, and contribute its quota to 
the advanc-mmt cf so ence 

THE AUTHOR. 
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PHYSICAL TECHNICS, 
PART FIRST. 

PHYSICAL MANIPULATION. 



CHArTEE I. 



[Ij The Room. Convemeut an-angement and careful preservation 
of the apparatus facilitate ita use, and contribute to ita durability so much, 
that they are of equal importance to the teacher and the amateur 
But reasonable desires can aeldoni be gi'atified in this matter; the 
teacher is seldom able to make the desired arrangemeats or changes. If, 
however, it be in hia power to control the arrangement of his lecture- 
room, an apartmeat should be especially appropriated to the purpose of 
physical espenmentatioa, in which the seats should be arranged in 
rising succession, with the foremost nearly on a level with the table, so 
that even those in the first row may look downward upon it. Mnch time 
is saved in this way, by eaabling the lecturer properly to prepare each 
experiment beforehand, not to meution the time which is often lost by 
having to set the apparatus in its place during the lecture. It is very 
advantageous to have aa adjoining room for the preservation of the 
apparatus. This should in no case be too far from the leetiire-room, and 
least of all in another story. The laboratory must be near the apparatus- 
room. This room should have the sun on at least one side, and be well 
provided with shelves and drawers, 

[3] Most pieces of apparatus can be best kept in glass cases from twelve 
to fourteen inchea in depth, made in two parts, a lower one about two 
feet and a half or three feet high, with wooden doors, and an upper with 
glazed doors ; these should move on hinges, not slide. By means of a 
small ladder of two ot three steps, access can be had to the top shelves, 
2 (11) 
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on which may be placed such light articles as are only used occasionally. 
Larger pieces of apparatus which cannot be kept in these cases, such as 
air-pumps, electrical macliioes, etc , should be protected from dust by 
suitable covers of pa&tehoard, muslin, silk, or other material. In this 
room afi little work as possible should be done. 

[3] In the workshop there should be a wide, firm table, with (irawers, 
in the middle of the room; and, by a window, a heavy work-bench, of 
three-inoh oak, provided with a vice. Under another window should be 
placed a tnrning-lathe, with its apparatus. A forge is also indispensable. 
It should be so situated that the operator shall not stand in his own 
light. The bellows can be arranged overhead. It need not be large — from 
two to four square feet are enough for all purposes. In case the opera- 
tor is obliged to make it himself, the necessary directions are given under 
the head of glass-blowing. The tube which conducts the blast to the fur- 
nace maybe made of tin, from one to two inches wide, terminating in acast- 
iron nozzle, with an aperture half an inch wide, in order to concentrate the 
blast. The nozzle projects half an inch into the furnace, and inclines at 
a small angle toward the hearth. 

The blast-pipe is usually famished with a stop-cock, in order to con- 
Fig 1 
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trol the blast or shut it off suddenly. It is well to have a tube lead- 
ing from the side of the stop-eock, as iu fig 1 tJie parts of which are only 
stuck into each other, so that it may be fixed in any direction and bi ought 
to bear upon a hand furnace. The tap of the st p cock is made cyhndri 



s is shown ia figs. 2 aucl 3, and has three openings 
BO that the blast may be entirely cut off, or thrown into 
either tube at pleasure. The hearth of the forge need 
not he more than two inches deep; its depth lu easily 
increased by laying a few fire-bricks around it A valve 
should be provided to close the chimney in the winter 
when the forge is not ia use. Near the foige a 1 last 
fnrnace should bo built in the broad hearth A glass 
case should be provided for the necessary chemicals the 
tools, however miy be stuck in racks nailed against the 
walls 01 in the recesses of the windows. The smaller 
and moie delicite articles may be preserved in wooden 
boxes or drawers 

[4] The mtrodnetion of gas into a laboratory is a 
gi-eat convenience , it is cheaper than spirits of wine 
cleaner and more convenient than any other fuel, 
gives a hotter flame. Two bumerf should be pi 
over the hearth, one for illumination, the other for 1 
ing; fig. i. For thelat- 
ter purpose, a ring with 
three arras, figs. 5 and 6, 

is fixed on the burner, to ^-^jrf' 

support a conical tube of "■— O _ i^W 

sheet-iron or copper, fig, . ■ /i', 

t, which is covered at " i '"^ ' 

the top with coarse wire 
gauze. The gas is mixed 
in the tube with atmos- |' ' " '* ■ ■• 
pheric air, and burns 
above the gauze with 

a bluish flame, without ■ -■— — • h*'*" ' -"" 

smoke. When a higher 
and concentrated heat is i 

requu-ed, this tube may 
be surrounded by a simi- 
lar one half an inch high- 
er, resting in the niches, 
fig. 6, which brings an 



Fig 2 
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additionil cnireBt of a i to the flime TIig flime la completely controlled 
ijy the stop eock The bianch in fig i can be fatfed with a joint 
so as to swing round if desirable Almist any fDin ot bmnei can 
be used The wne gauze must be twD mches above the top of 
the burner Bnruera with numerous aperfuiea are piefeiable because 
thev produce i moie thoiou^h mixture of the gas with an Simple oi 
jriDted braUets ^re placed ovei the workbenches They shoull be 
made with two burueis so that one miy be used for lUnmmation and a 
flexible tul e attached to the othei or a stop cock with a short tube bent 
downwaid may be scideied into the pipe as in fig 8 foi the puipo&e of 
attaching a vulcanized mbber hose If % thin India labber tube be 
attache 1 directly to the burnei it wdl hend over and atop the flow of 
gas For boiliig oi gnit ng <.n the woik beich thi wire -,iuze n av 
be 'iet ovei the ) u nci b hg s oi the i i nei b^ J "vihi h v ccni etted 



Fig. 8. 



Fiq 1 





by a flexible tube, with the stop-cocli, «, fig. & This bumPi consist'; of a 
wooden or metal stand, a, in which the rod c may be fifed at any hei{,ht 
by a screw. This rod supports a gas tube, d, on which the buinei i-, 
screwed. 

Gas apparatus for some special purposes will be desciibed heieaftei 
The arrangement described here involves so little additional expense, when 
gas is once introduced into the building, that it bears no piopoition at 
all to the convenience attained by it. These lequuenients Tiill, peihaps, 
seem too great for a high school or academy, but they can haidlj be 
moderated, if instruction is to be imparted Buccc^sfully, md not confined 
to text-books. No provision for instnietion in chemistry is heie contem- 
plated, for crowding a workshop and laboratory together is attended with 
much injury to the iron and steel tools. 

[5J If the teacher be disposed to devote time to the uonstiucticn of 
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such appaviitns as ho can make, witli the instructions here given, or have 
them constructed under his supervision by skillful workmen, he must be 
provided with the necessary tools, which are not very numerous. The 
most of them he can construct himself as occasion requires ; and all large 
operations had better be left to a mechanic. The necessary skill is easily 
acquired, with a little care and attention. The directions given in this 
book apply, with the exception of soldering, mostly to operations for which 
no experienced workman caa be found in small towns, and at which the 
experimenter must often try his hand without ever having seen them per- 
formed. The following list may be considered as comprising the necessary 
outfit :— 

I. An iron vice, of abont 20 pounds weight. 

3. A set of files and a haud-vice. 

3. A pair of bellows, with water trough, smith's tongs, coal shovel, and 
tongs. 

i. A horned anvil of from 25 to 30 pounds. 

5. Several hammers of from two pounds to oue-quarter of a pound. 

6, A pair of nippers. 

I. Two flat and two round pliers. 

8. A pair of tinner's shears. 

9. A small lathe. 

10. A chisel and a gouge for turning wood. 

II. Tarions augers and bits for the lathe. 

12. Brace, with an assortment of bits. 

13. A screw-plate for cutting screws of various degrees of fineness, np 
to two or three lines. 

14. A saw for cutting metal. 

15. A pair of callipers. 

16. A milling wheel. 

17. A screw wi'cnch. 

18. A jack and a smoothing plane. 

19. A couple of chisels and rasps. 

20. A panel saw. 

21. A few screw clamps of different sizes. 

22. A glue pot, 

23. A hatchet, 

24. A grindstone and whetstone, 

25. A charcoal furnace. 

26. A spirit-lamp with rather thick wick. 
21. A blow-pipe. 

28. A soldering iron. 
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29. A glass-blower's table. 

30. A pair of strong scissors. 

31. A small iron mortar. 

32. A porcelain mortar. 

33. An iron bevel. 

34. A glazier's diamond, and a diamond for writing on glass. 

The cost of all ttese articles may amount to $100; the lathe alone 
being worth, say $30. The price of each will of course yary with the 
perfection of the workmanship, but the first cost cannot be less than this. 
The most costly article, the lathe, is at the same time about the most 
indispensable. If the experimenter be not familiar with the use of this 
instrument, the adrice of some experienced person should he talien in its 
selection, with due reference to the place where it is to bo used. When 
the means allow, it should have cast-iron cheeks and rests. The spindle 
must be arranged for attaching screw guides, and have on the cheek end 
an eiteinal and internal screw. Two drums will be required, one abont 
eight inches in diameter for turning iron, the other three or four, for 
turning wood and brass. The fly-wheel should not be less than 50 pounds 
weight and two and a half feet in diameter. Besides the tools, a stock 
of \arions kinds of woofl, such as beech, walnut, cherry, and poplar, must 
be laid in some dry airy place. Neglect of this causes many difficulties 
from the shrinking of green wood. 

With the above-mentioned apparatus, the operator will be able, by 
degi'ees, to construct the remaining tools for himself. At first, all will go 
on slowly, as to make the smallest or simplest article may require the 
construction of a special tool; but this difficulty and delay will gradually 
lessen, and much practical skill be obtained for further operations. The 
experimenter must learn to do much with small means, and even, as Frank- 
lin says, " saw with a gimlet and bore with a saw." 

[6] If, after all, the above tools cannot be obtained, the following 
will answer a great many purposes : — 

1. A small bench-vice, with anvil. 

2. A hand-vice. 

3. A small anvil with a horn, 

4. A pair of nippers. 

5. Plat and ronnd pliers. 

6. Two hammers. 

1. A couple of files and rasps. 
8. A few gimlets. 

These may cost some §35 in all, and are really as few as can be got 
along with. 
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[1] Tho purcliasB of apparatus depends so much on the means at 
command and t!ie extent of the instruction proposed, that uo general 
rules can be given for it. If the teacher be inexperienced, he should not 
be hasty in making his purchases, but rather accumulate apparatus gradu- 
ally as it is needed in the course of his instruction ; he will thus learn 
best how and where to order apparatus. 

Under tho supposition that it is intended to construct most of the 
apparatus for one's self, the following should be immediately ordered from 
an instrument- maker, even though the instruction to be imparted be of the 
most elementary character : — . 

1. Common balance, carrying from fivo to ten pounds - - - 835.00 

2. An areometer 1.00 

3. Siphon barometer, with stopper 20.00 

4. Air-pump, with ita apparatus $10.00 to 300.00 

5. Models of suction and forcing pumps, with glass tube - - 12.00 

6. Concave, convex, and plane glass mirrors 3.00 

T. Prism, of flint glass, if possible 1,35 

8. Large convex lens, with several of smaller size ; also a con- 
cave lens ■ fi.OO 

9. Terrestrial achromatic telescope magnifying 12 to 20 times 30.00 

10. Compound achromatic microscope $18.00 to 50.00 

11. Thermometer, the scale on glass 2.00 

13. Water hammer 3,00 

13. Horseshoe magnet, carrying 18 to 30 pounds - - - - 3.00 

14. Magnetic needle with agate cap 1.00 

15. Electrical machine |20.00 to 200.00 

16. Six carbon and zinc elements 15.00 

Add for tools, and pay to workmen for what is given out, and 

for materials 110,00 

$339.25 

Thus for an original outlay of from $i00 to $800, and an annual 
addition of |50 for at least the first few years, the experimenter will be in 
possession of apparatus by means of which he will be able to give veiy 
thorough school instruction in pliysics. 

A more complete list of apparatus will be found at the end of the book. 

[8] Bach of these instruments, as far as possible, should be taken to 
pieces, in order that its construction may be accurately studied, and manipu- 
lation be thus more readily understood. Some too may have imperfections, 
or at least uncertainties in use, only to be avoided by special precautions. 
Should this be the case with any, it would be well to attach in writing, to 
each, the method by which the necessary rectification is to be made. 
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Likewise, all iippurtenaacee, such as wires, hoolts, etc., should be laid 
beside tbe apparatus to which they belong. When an inventory of stock 
is kept, eaeli piece should be numbered, and opposite this number in the 
list, should be stated the name, use, cost, etc. This win be useful to the 
present incumbent, and still more so to his successor. 

[9] Wliencver any piece of apparatus has been used, it shoald be care- 
fully cleaned and returned to its appropriate place ) all articles should, as 
far as possible, be arranged in systematic order. 

Glassware is best cleaned with alcohol and blotting-paper, and dried 
with a clean linen cloth. Brass should be rubbed, in the direction in 
which it was polished, with linen and fine Tripoli, or prepared c!ialk, 
and dilute alcohol. Brass articles are generally varnished, in which case 
nothing more can be done than to rub them with clean blotting-paper and 
fine linen, and this only in the direction of the streak. Articles in fre- 
quent use should never be varnished, as varnish soon rubs off in spots, 
which looks badly. Whenever this is the case, it will be better to remove 
the varnish entirely by means of alcohol. 

Iron apparatus is rarely varnished ; it may be cleaned by rabbing with 
blotting-paper and a little olive oil, with which the surface should always 
be lightly greased. If harder rubbing is necessary, add to the oil finely 
levigated emery, or else take emery paper. If the latter cannot be 
obtained, it may readily be made, by coating stout writing-paper with 
strong glue, and then upon this sifting emery through fine gauze. The 
sheet is then to be folded, so as to bring the coated surfaces together, and 
several placed in a pile between two boards, and dried under a moderate 
pressure; the loose emery may afterwards be shaken off. 

£10] Standards of measure are an important part of physical appa- 
ratus, and the experimenter should be provided with those in common 
use, so that descriptions of foreign instruments may be understood, without 
the labor of reducing them to tlie more familiar unit. Obtain, if possible, 
a slender stick of apple-tree wood, which has been cut a long time ; fashion 
it into a bar, half an inch square, and a meter in length. The ends 
must be cut exactly square, which may be done with a file. Lay off on 
this bar the length of a yard, by an official standard, noting the tempera- 
ture, which, however, has little influence on wood, and divide it into inches. 
In this way a scale can be obtained whose accuracy may be relied on, at 
least within known limits, which is not the case with those purchased, even 
when officially stamped. The lines or the other subdivision of the inch 
may be marked off bj means of a paper scale. For ordinary nse, a 
tape line or wooden measure, whose aocui'acy has been tested, is good 
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[1 1] On tUe other tliree sides of the bar mark three other 'icalcs, their 
length having first been ascertained bj calculation, and then subdivided. 
The graduation mast be regulated and controlled as much as possible by 
calcuiatioii of suhdivisions, so as to make the varluus scalei Fig. 10, 
harmonize with each other. A meter, divided into centi- b j':'".;'^.?'^ 
meters, should by all means be among the number. ^ 

The Vernier is indisp en table in making small mcaaure- 
meots, and its use should therefore be clearly explained to 
a class. As those in actual use are generally small, and 
therefore unsuited to illustration, it will be better to con- 
struct one on a large scale, from four to six feet long, fig 
10. If the wood be light colored, and the divisions well 
blackened, the use of the Temier may be explained to a 
whole class at once. 

[12] Measures of capacity. — More accurate meas- 
ures than thnsa in daily use will nnt often be required, and 
when necessary, it will be best to employ the corresponding 
weights. If, howcTer, they be really required, then they 
should be made of metal, and cylindrical, preserving the 
proper legal proportion between diameter and height. The exact gauging 
of such measures presents many diEBculties, when they are required to be 
filled to the brim. If this lie not the ease, and it never is so in physical 
experiments, one can graduate any glacis vesbel for himself, by pouring into 
it the proper weight of water. A glass tube of one-half to one inch 
diameter, which has been adjusted and graduated into cubic centimeters 
by successive additions of one gramme of water, will be found very con- 
veaient in many experiments. The divisions may be made with the dia- 
mond, and should correspond with the horizontal surface of tho water, 
and not its elevated margin. They may also be etched in, accoi'ding to 
thi- directioua given in the following chdjiter. 
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[13] As it is rare to find in small towns any on* who can work glass, 
this generally devolves upon the ptjsicist; it is therefore described more 
minutely than other mechanical operations. 

[14] Emery is a very useful material ia working glass ; it is, therefore, 
well to describe the mode of preparing it. Commercial emery is uot 
generally well assorted; the finest dust is mixed with coarse grains, from 
which it must be separated by levigation. The commercial emery is 
stirred briskly, with tea times its weight of water, without giving it a 
rotary motion, and the water instantly poured off from tbe sediment into 
another vessel ; from this vessel, after standing from three to four minutes, 
it is poured into a third, in which the emery ia allowed to subside — or, 
after standing from ive to ton minutes, it is poured into another vessel. 
Three or four sorts of emery, varying in fineness, are obtained in this way, 
the coarsest of which is often adulterated with sand, and the various 
grades are dried and preserved separately, 

[15] Grinding and boring glass.— The occasions for grind- 
ing glass in physical experimentation are very numerous. The rough 
grinding is done on a flat cast-iron plate, with quarta sand or coarse 
emery and water; and the article is ground smooth on an old piece of 
plate glass with very fine emery and water. The plates which are used 
for this purpose, especially the glass plates, do not last long; they soon 
become concave. They may, however, be ground even again upon each 
other ; very good cast-iron plates may be had for this purpose from the 
machine-shops, but they should he reserved for the finishing touches. In 
ease the glass plate of the air-pump should be broken, a piece of miiTor 
glass, of the proper thickness, should be cut round, the edges ground off, 
and the hole bored tiirough the center, by a copper coin fixed to a piece 
of wood in the lathe, with emery and oiL With a little patience, an 
angular plate of glass may be rounded on a common grindstone. Holes 
may be bored in glass with ease and rapidity by means of an iron, or, 
better still, a copper ring half a line thick, secured to a wooden chuck so 
as to be concentric with the spindle of the lathe : a piece of cork, corre- 
sponding in size to the inner diameter of the ring, is cemented to the glass 
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as a guide. The lathe must be wet in rapid motion, and a thin paste of 
emery and oil constantly applied ; a round piece of glass will thus be cut 
out. Lenses are cat out of thick glass in the same way. 

When the glass is nearly cut through, a smooth piece of hard wood 
must be pressed against it, opposite the ring, and as soon as the lathe cuts 
through in a single spot, the application of emery should cease ; at least, 
when the plate is thin. It is very difficult to avoid splintering the edges of 
such holes. The best modo of preventing it, is by boring from both sides 
toward the middle. Holes in glass may be enlarged by means of a conical 
block of wood smeared with emery and water. When the piece of glass 
is of such shape that it cau be fixed on the lathe, a ch-cular groove may 
fae cut out with a graver, moistened with turpentine, while the lathe is turned 
slowly. IIoleB from one to two lines in diameter may be bored with a 
copper drill, and those of less size with a three-cornered pointed steel drill, 
moistened with oil of turpentine. The watchmaker's drill-bow is very 
convenient for this purpose. The pressure must be very gentle when the 
point of the drill comes through. Holes may be bored by hand, with al- 
most any hard tool moistened with oil of turpentine, nearly as fast as on 
a lathe. A dull surface is given to a glass plate most readily by grinding 
it on another glass plate with emery and water; if the plates be even, 
the finest emery may be used at once. Grinding crystals, for optical pur- 
poses, will be described in the chapter on optics. 

[16] Grinding glass stoppers.— Although bottles with glass 
stoppers may be had almost anywhere, there is seldom care enough taken 
to render them air-tight. If the stopper needs but little alteration, it 
should be ground by hand, with emery and water; if it be very irregular, 
it should be fixed to the lathe, and coarse emery and quartz sand used at 
first. In both cases, the stopper must have not only a rotary, but a 
longitudinal motion. It is seldom worth while to take much trouble with 
a stopper that fits very badly, but it sometimes may be necessary, and may 
be done most easily by making a copper plug the size of the stopper, and 
grinding out the neck of the bottle with it. When a stopper sticks tight, 
too much force should not be applied to it; it is better to heat it gently 
over a spirit-lamp, and then try to turn the stopper: if not successful the 
first time, let the bottle cool, and heat it again move highly. Care must 
be taken to hold the bottle so that the contents shall not be spilled in case 
it breaks. A drawer should be appropriated for preserving all odd stop- 
pers, which will come into play for many purposes. 

[11] Cutting glass. — It is often necessary to cut off glass tubes, 
rods, or cylindrical vessels. Tubes not over :^ to | inch thick may he 
broken easily, by making a notch in one side with a three-cornered file, 
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and then placing both thumb-nails opposite the notch, and bending the 
tube slowly oatward. Thicker tubes must be cut all around with a flle 
dipped in spirits of turpentine; or a red-hot iron may be drawn around 
the place, and water dropped on the heated surface. An iron ring is best 
adapted to this purpose, and should be held by a second person, who a]so 
holds water in readiness. A crack may be led in any direction, by placing a 
hot iron on the glass just before it, and drawing it in the required direction. 
The following method is better for cylindrical vessels: Tie a flattened 
roll of paper on each side of the spot where the glass is to be cut off, 
leaving a free space between them less than a line in width, forming a 
channel between the two folds. Take a fine, tightly twisted cord, long 
enough to go around the vessel, and leave two or three feet over, after 
being wound around the hand once or twice at each end ; two persons now 
hold the vessel firmly against the table with one hand, and with the other 
draw the cord back and forth in the channel between the papers. The 
glass soon becomes so highly heated that the cord takes fire and burns 
off; water is then thrown on the heated spot. The glass generally cracks 
off . very evenly, and the more 
so the narrower the channel in 
which the cord moved. Instead 
of the folds of paper, Mohr uses 
tl e wooden instrument, fig. 11. 
It is screwed to the table, and 
each operator holds one end of 
the glass, while the cord is drawn 
bickward and forward through 
the slit in the wood. 

When the glass has already a 
crack, or one can be started from 
an edge, the heat can be applied 
n ore conveniently with little 
cyl nders of charcoal. These 
coals are prepared in the fol- 
lowing way : 60 grains of gum 
tl .jacanth are dissolved in 
s fficient water to make four 
1 [uid ounces of mucilage; 30 
1 are thei d ssolved in the smallest possible 
of w ne the t vo sol t ons are then mixed in a mortar, 
with eno gl ] nlve zed and fted I eecl vo d charcoal to form a plastic 
mas —a 1 ttle softe thai i 11 mass a generally made. Cylinders, from 
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t d 4 h 1 g II I t f this mass, 

I 1 d 1 1 ly n ylindei'a, when 

t b f tl m 1 w th p t d d the coal is 
t t th d f tl k d 1 w t slowly, with- 

h d d 1 t It II t m k the direction 

t t k w tl h 11 k tl 1 m t be frequently 

tl 1 g t f h gl tinguishea it 

where they t t "Wh th k [ p li w thin a line of 

the starting-point, it will follow the coal no longer, and the rest must be 
broken off. 

When the glass is not already cracked, a cvack may generally be made 
by notching the edge with a file, and then holding the coal, kept in lively 
combustion by blowing upon it, against the notch. A thin cylinder of 
glass may thus be cut into a spiral ribbon, which is tolerably elastic. la 
the same way pieces of any shape may be cut out of flat glass. The ine- 
qualities which are left on the edge of the glass may be removed with the 
copper emery-wheel, or by grinding on sandstone; the smaller ones can 
,be removed with a file, moistened with resinous oil of turpentine, or a 
solution of camphor in turpentine. Little pieces may easily be broken off 
with a pair of flat nippers, and round plates may be cut oat of window- 
glass in this way. 

[18] Glass-blowing. — Scarcely any operation is more frequently 
necessary than blowing glass; and skillful workmen are only to be fonnd 
in large towns. Even when a glass-blower is quite near at hand, it is very 
inconveuient to call in his assistance on every slight occasion, and some 
dexterity in this art is therefore indispensable. 

[19] Construction of tlie blast-table. — it is desirable to have, 
if possible, a separate table for this purpose ; but if this be not possible, 
the whole apparatus may be arranged in a box, which can be placed on 
any low table during use, and afterwards removed. The bellows should 
be made to rise vertically, so as to contain more wind, and both the 
upper and lower parts have a single fold, which may be made of wood. 
Keither part requires more than two inches play; it is better to in- 
crease the blast by increasing the sui-fa^e, which need not in any case 
exceed 1^ or 3 square feet. More weight is required, in proportion, 
to obtain the same pressure with a greater surface ; but bellows which 
rise vertically, i.e. have no hinge in the upper part, have an unsteady 
motion when they rise high, especially when the cheeks are made entirely 
of leather; they require then to work in guides, which is very incon- 
venient. 

The following directions are given, in case it should be necessary to con- 
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struct such a bellows for one's self. Tlie middle board, fig, 13, is made 
of talf-inch stuff, from 1^ to 2 feet long, and one foot wide. It has two 
square openings for tie valves, two inches long, one inch wide, and one 
inch apart. It is better to have two valves than one of double the size. 



i%. 13. 




In one of the lono' sde« i hole a one |ua te nch ^de and one inch 
deep a n a le CO ne t n^ with i w do open Uj, 5 n the top of tho board, 
to reee ve tl e p ] e The 1 oird a covered on 1 oth s des th stout paper 
or old pa cl ment The valves a e nade of wood a 1 ttle th cl er than the 
combined thickness of the cheeks when folded together, so that thej will 
be pressed down by the top boai-d, when the bellows is not in use. Instead 
of a single board, the valves may be made of strips, one-half an inch wide, 
tacked close together, upon the valve leather; all warping is thus pre- 
vented. The valves extend half an inch beyond the opening, all around, 
except on the hinge side, and are faced with a piece of sheepskin, glued 
on with the hair side ontwai-d. They must be pressed between boards, and 
left to dry, so that the leather may remain smooth. The leather projects 
oa one side, to serve as a hinge. Fig. 13 shows snch a valve, made of 
Fig. 13. 



f 



i 




^JM 



slips, in position The valves me prevented from iisini; high enough to 
fall over bactwaid by a nairow atnp of leather which must not be long 
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enough to fall under the valve. The clieeka are best made of thin boards, 
covered ivith paper or pasteboard, and bo ai^usted that, when closed, 
the corners do not come quite together, as is seen in fig. 12. They are 
connected by pieces of sheepskin, glaed on by the flesh side ; the comer 
strips must be wide enough to allow the cheeks to open freely. The 
cheeks are connected in the same way, with the middle and upper boards, 
and it is well to connect the two latter by strips of leather, to prevent the 
cheeks from expanding to quite their full extent. 

The bcttcm boird is mide a little smallei than the top Icird to 
afford room fai the hinge The cheeks of the lowei pj.rt aio 1 est raate 
of stTi].s of oood bnfi leather two inches v, ide nailed to the boaids and 
joined at the edges by gluing on aanow stups of the same The lower 
valv s are esa tly 'iimilar to thoie alieadj de cubed If the 1 ellons can 
he hil ftoni an argin builder it is bettei not ta attempt to mal e ono at 
home Fji, 14 shows the belJoMs expanded 




The tabic should be 
three feet high and the 
bellows hung immcdi 
ately beneath the top 
so that theie will be 
1 fcr the 
operators feet below 
it. The top has a 
ledge projecting one 
quarter of an inch all 
aronnd, fig. 15. The 
bellows is worked either by a lever fastened to the table and connected 
by a wire with a stirrup, or by a cord fastened to a projection on the lower 
hoard, and passing upward over a pulley, to the stirrup wire. The bellows 
is slid into a groove cut on the inner aide of the easing, and secured by 



d by Google 



PHYSICAL MANIPULATION. 



The tcp <if thp talk must le 
Ihe ( 



Ilia to leplace one ot tlie 
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icieived fast to the casing, as it 
an cal end of the wind pipe is 
ticl into the hole in Uie middle 
boar 1 BO that it can be inclined to the 
ta) le at any angle. The length of 
the pipe depends on the height of the 
Ian p It is very convenient to have 
n nden rod projecting about an inch 
1 \ e the table, upon which one of the 
slides fig, 16,is fastened byabind- 
mg -^erew in order to hold the nozzle in 
a fixed position. The table may be 
made a little wider ttan the bellows, 
to admit a small drawer to hold the 
necessary instruments. 
The pressure required for glass- 
blowing, with a small exit pipe, is about 1^ ounces to the square inch. 
An old iron plate is the most convenient weight. For larger operations, 
where the exit pipe is wider, the pressure must be increased ; in this ease, 
the bellows is always kept full, and any required pressure applied by the 
foot. 

[20] The Lamp. — This is made of tinned iron, nan-ow in the direc- 
tion of the blast, and the wiek set near the end. It is beat to fit it with 
a tube, in which a solid wick can be screwed up and down, figs. IT and 18. 
The tube must of course be slit, to admit the oil. The movement of the 
wick is effected very simply, as is shown in Gi^a 19 and 30, where the 




Fig. 17 



Fig 20 




wick IS in&cited m the collar, a, the stem of which passes out through 
the slit iu the tube, fig. 20. Through this stem, which is of tin, the deep 
threaded screw, c, (7, passes. Two strips of tin, soldeied to the tulie. 
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furnisli the points of support for the screw, and an exeavatiou is made in 
the table, to receive the part of the tube which projects below the lamp. 
This admits of a longer wick, without allowing the oil to sink so low, as 
it must in a deep lamp. If a little hole be made in the side of the head 
of the screw, it can be easily and rapidly tnrned by means of a pin or 
wire, whea it grows hot. 

A simple arrangement of the lamp is shown in flgs. 21 and 22, where 
the wick is merely laid in a tube, and is pverented from burning too far 
back by the plate, fig. 23, which is pushed forward on the top of the 
lamp, toward the wick. 



Fig 21 




Fio 2i 



It IS \ li i I 111 HI limp ou a sheet of tm about % toot squiie 
turned up it the 'd-,!';, it saves the table from hem^ burned as one is 
often compelled to lay down hot pieces of g 

[21] Oil IS u«ed as the combustible ind 
cannot well be repltced by ■vnything' else 
when a hot flame is requiied The wick is 
made ot cotton loosely twisted together 
For the cylindrical iMcka take the wicl 
woven for aii>and buineM and fill them 
with loosely twisted cotton 

When a verj hot fire is needed it is a 
good plan to fasten a i ound piece of beech 
wold coal between fourwues stuck in a 
boaid fig 24 ^ith the cionn ton ird tie 
flame the ladiant heat of the burning co'il 
incieasea the eftect veiy gieatly Foi the 
same reason it is not good to turn the wick 
next the opciatoi and let the flame j 
iuLonvenionce of such a position 

Oil when exposed foi some time to the air becomes les nous wl th 
makes its uao very inconvenient for the physicist mIo often does not 
require his lamp foi months toi^ethei In this case the sj rit limp nith 
a thick round wick is preferable If the wick be made about ^ inch 




r the lamp aiart fi 
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eter, and when a strong 
Fig. 25. Fig 26. 




Fig. 2T. 



thick, it affords anffieient heat to bend large g'lass tubes, blow thermometer 
bulbs, etc., especially with the aid of the piece of charcoal jnst mentioned. 
A lamp with double draught, like the argjand lamps, is more effectiTG than 
the common spirit-lamp. The nozzle is fitted bya cork to the inner tube, 
and the flame driven np vertically. The space between the cylinders 
should be large enougli to receive several cjliadrical wicks, fitted one 
within the other. 

[22] The nozzle must be l|to 2 lines wide in the clear, and contracted 

toward the end, where it may be closed by a small plate, in the middle of 

which an aperture is bored. This shoald be 1 to 1^ millimeters in diam- 

ia required, may be as wide as 3 millimeters, 

fig. 25. When it is required to heat only 

a small sput, a smaller nozzle, with an 

aperture i to 1 millimeter wide, fig. 26, is 

necessary, and is stuck on, the larger one. 

Both should be hard soldered. [Nozzles 

made uf stout glass tube, drawn out fine at 

the end, answer very well, only they are liable 

"' p to break, and must be frequently renewed. — 

&^ 2Vtt?is.J The wind pipe may be of lead. It 

~" " is convenient, but not necessary, to have a 

stop-cock in the tube, by which the strength 

, of the blast can be regulated at pleasure. 

^r^ - — i!-^ As the whole flame of an oil-lamp is never 

impelled before the blast, but a part always 
burns upward, Mohr leads the air first, by a 
bent copper tube, through this part of the 
flame, so as to blow hot air into the flame, 
and thus obtains a much higher heat. 

[23] Illuminating gas is the most con- 
venient combustible for glass blowing, as the 
flame maybe completely controlled by a stop- 
cock, never smokes, and requires 
Fig. 28. no trimming. The only change 
necessary, is in the burner. A 
r with an annular flame is 
best. Pig. 21 shows a vertical 
section of such a burner, half the 
natural size, and fig. 28, a section through the lines mn,o p. It consists 
of two parts : a tube, a b, screwed at a into an outer tube which is connected 
with the gas pipe ; -ni n and o p are two disks to support the pipe a b, serra- 
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ted on their eilges, so that the gaa may flow out uniformly all around the 
burner, aa in the argand burners. Tlie outer tube is enlai'ged at c, and fits 
tightly over the disks m n and o p, so that the gas can only pass through 
the openings. The space between the sides of the two tabes, at the moutb, 
need not be wider than from J to ^ of a millimeter. It should be made 
still less at first, and enlarged by grinding the ends of the tabes, nntU 
the opening is large enough to deliver, under the diminished pressure in 
the daytime, as much gas as the air from the bellows ean completely burn, 
when the treadle is worked slowly. The Same is hottest when it boms 
blue. The stop-cock serves to regulate the Dow of gas. The burner is 
connected with the gas pipe by the screw-cap fj, which allows it to lie 
inclined to the table at any required angle. The most convenient direc- 
tion of the flame for most operators, is a little incSined npward, but many 
blow with a vertical flame. 

The Wind ih led thiough a lead pipe upon which bi iss Fiq 29 
nozzles of variou'iwiilthb can besuened fig 29 W 
apertuios mu t be fiom 1 to 2 (,entimeteis behind the \ 
aperture for the gi but the finei nozzles foi small 
puiiited flames ahould bo pushed up neaih to the end of the tube a b 

The burnei lests not diiectly on the table but on a board abont an 
inch thicL whiih piojeUa ovei the edge of the tabli, * Figs 30 31 
and 33 show the burner and the connections in ulan and fag 33 the 



riq 31 




* [A very neat ocd convenient blast-lamp, on this prinoiple, is made by Rirehie, 
of Boston, The tubes slide upon a rod, on whieh they can be fixed at any height. 
The burner has also a horizontal and yertioal motion, and the air passes through a 
bulb, in which it may be heated by a spicit-lanip. The above lamp is also made 
after a modified pattern, so as to bring into serTioe siraultaneoualy an assemblage 
of lets.— IVans.] 
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wholf* bbw [ije tal le iiith the gas ppes [If tie connections be made 
with elTitic t il uig T\l h IS much cheipei thin the joiots described, the 
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tal le my 1 e 1 1 ve 1 from its i lace — T ani> ] The in 1 [ ipe gons frDm 
the mi 1 iie boar i of tin, bellows to the block which si pj oi ts tl e burner 
and the littlo leid tnbes which cany the nozzles are mseited iq this baard 

[2i] The Sollplle — If le IS not disposed to incur the expense 
of a regilar blast apparitus the eohple '*hown m fig 3i in half the 
nataral size will answei many puri oaes 
and can be made at email expense by any 
ordinary copperam th It consists of a 
e ip witli double sides the e\1eiior cvl n 
del nhich 18 closed air tight ishllednith 
neak spirits of wme (40 to 50 percent ) 
thruugh the open ng a wh ch is clo ed 
lY th a coik the nne cylinder is filled 
up to tl e lei el of the jet with st ong 
spuits The latte s ignited wh ch 
causes the spirits h thin to bo 1 yiylently a 
the tttbe 6 gives a veiy hct flame The i 
a tightly fitting eovei 

[35] The soldenng lamp of the tinners is moie convenient because 
the paits cin be septrited and ke^t in bettei order and the flame h 
horizontal F f, o5 represents one ^ or ' tl e i ati ral ize The sheet 
iron cyhnler M N has an iron nnp soHerel to 
the bottom lo mark the griper position of the 
spirit lam; neai the top is a i)w ot smill 
I oles On tl e t p of the cjh ler is set i 
strong cup mide of hammeied metal li h 
haa an opening for sp r ts cbsed by a screw oi 
cork and a bent tnbe A slit s made in the 
lack of the cyl nder f r the recepticn of the 
tul e and a sufflcient sj ate left ope in tl e 
front f 1 the exit of the flame The end ct 
the tibe which has an atertme 1 m llimi,tei 
wide rea he neirly to the flame of the lamp 
half way letweeti the w ck and the bottom of 
the cup 6 Ti IS cup IS shown in fig 36 If 
the 01 eiing be close 1 with a cork it will seive 
as a safty valve I have however never heiid 
of the explosion of s ich a lamp though thej are 
often in the hands of very careless workmen. 
The lamp is filled in the same way as the last. 

[26] The only other apparatus necessary for glass blowing is a pair 



1 thecal I e c p n thiough 
ic cylin ler may I e close 1 by 
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of sharp sciasois tor tr mining tho wick a thiee con erud Enpliaii tJ fjr 
cuttiiij; gliss tubes a pair of fiat pliers with narrow jiwa aul some small 
iron 10 Is 

[3T] Tlie mode of cutting off glass tubes and lods has alreadvbeen 
described in § 11 

[28] The glass should be in the form of tubes and care should be 
taLen to select such as aie of uniform thicLness free from stnje and 
warts CrJass eontainiDg lead should be rejected if possible for though 
easily fused it is apt to blacken from the reduction of the lead The 
French sodi glass is especially i,d<*pted to glass blowing being easily 
fu il le and fiee from lead touitable ^la s may be obtaii ed from almost 
any dealer m chemical appiratns It may be obseived la general that 
all sjrts of glass become by continued heating crystalline anl less 
fusible 

[20] The first requisite in glass blowing is to obttia a good flame and 
the experimenter may be as ured that he can do nothing unt 1 th s is 
accomilished As this depends upon tho mowment of the nozzle a. 
hiir s breadth eithet way it is like the whole ivt of glass blowing a 
mattei only to be obtained by praetice but tlie fallowing d reutions 
m^y sezve as a puile The wick should be iiisod so as to give a 
flame ^ or 4 mcl eo high and sepaiated Tutli the scissois into two 
paits BO as to leave i pisaago for the air thionj^h the middle It 
must then be tiiiumel perfectly flat and all piojecting rugged threads 
carefnllj leraoved The n zzle la inserte 3 i little below the level of the 
wick between the two paits it must pioject i short distance into the 
flame foi a quiet pointed flame and be driwn back about a line nlien i 
large roaring flame is leqniied 

[Having once obtained a good flame the greatest caie should be taken 
not to change, in the slightest degree, the relative position of the nozzle 
and the lamp. — Trans.} The flame should be directed rather a little upward 
than downward ; it should bnrn with a faint blue light, deposit no soot, 
and be over two inches in length. Whoa large objects are to be heated 
uniformly, a broad, roaring flame is required, which is obtained by placing 
the jet a little behind the wick. 

The glass must be perfectly free hora moisture ; breathing into the tubes 
before they are heated must therefore be carefully avoided. The condensed 
moisture, coming Into contact with a highly heated spot, is sure to crack 
the glass. The glass should be held about f the length of the flame from 
the wick ; large and thick pieces are apt to snap if suddenly heated ; they 
should therefore be first warmed in the fiame without blowing at all, and 
then very gradually heated where the soot is thickest. During the heating. 
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ttie glass mast bo constantly turned, that it may be heated on all sides 
alike; some practice and care are necessary when the glass is held with 
both hands, to turn both ends with equal rapidity, otherwise it will be 
twisted into a spiral form, as soon aa it begins to soften. When the 
operation is finished, the glass must not be withdrawn from the flame too 
suddenly, else it is apt to crack, especially when it is of irregular thick- 
ness. [It is a good plan to allow it to become thickly coTered with soot, 
which protects it from the cooling action of the air. — Trans.^ When two 
different kinds of glass have beea fused together, the work generally 
cracks, in spite of ail precaution ; it is therefore best to keep the differ- 
ent sorts separate. 

[dO] ly th p itions can be described here which occur frequently 

d th b f 11 others. The making of special apparatus, sueh as 

t t h Id be left to the professional glass-blower. The 

f 11 g p t fl d place here : (a) widening and contracting the 

d ftb (6) d wng out and thickening glass; (e) sealing the ends 
f t b (d) h d s tubes; (e) blowing bulbs; (/) joining tabes. 
S P I t * ^'^1 ^^ mentioned in their proper places. 

( ) GI t b h n cut off, have a sharp edge, which is apt to mit 
th fi g d ily broken. The extrerae end is therefore heated 

th 1 ted 3 1 11 the edge fuses round, by which also the opening 
1 1 1 t t 1 ttle, which is aa advantage when the tube is to be 
p d th 1 k This operation can be performed on thin tnbe^, 

over the flame of the spirit-lamp, with the mouth blow-pipe. If the 
size of the opening is required to remain unchanged, or to be enlarged, it 
must he strongly heated while turning rapidly, and flared outward with an 
iron rod, while still in the flame ; it is then allowed to shrink again to the 
required size, turning rapidly all the while. 

(&) Drawing out, narrowing, and tJiickening glas? tubes. Glass tubes 
are ditwn out thin by holding them bonzont'ilJy with both hands, and 
heating a considerable breadth while turning rapidly the glass is then 
lemove I from the flame and driwn out snddenlv 

When the glass is veiv thin it should be exposed to a very high heat, 
in 1 alloi\ ed to shiink by '^ hich the 1 ore iDccoraes smaller and the glass 
thickei it miy then be drawn out ti a fine point and still be tolerably 
stroufj To thicl en tl i, glias at any one spot r thout diminish ng the 
bore of the tube the tno end& must be gentlv piessel together wl ile the 
glas IS soft anl the tube blown out to its cng nal si/e This reqiires a 
high heit and the tube must be tuinei conatanth 

(c) To close the end of a tile it is heated in! the sides pressed 
tOe,ethei with a ghss lod the rod it, then heated also and stuck to the 
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end of the tube, and the excess of glass drawn out lu the flamr to i fine 
thread. It may be necessary to repeat this two or three times before the 
excess of glass is removed. The end is then blown out round before the 
glass is thickened too much, and then reheated to thicl on it and blown 
out to tlie proper size. £A. knob of thickened gliss once fjimed on the 
end of the tube, can only be removed by drawing it off with a glass rod — 
Trans."} When the tube is to be cut off and then closed ditwit out to a 
point at the proper place, and treat it as jnst descnbed CapiOai^ tubes 
can be closed by simply heating the end. 

(d) Bending tubes is an operation of constant ocenrrcoLe Thin tubes 
may be bent in the flame of a spirit-lamp. A well bent tube mu t hive 
both limbs in the same plane, and be neither wimkled on the concive nor 
flattened on the convex side. This is best avoided by bei dmg the tube in 
a gradual curve, instead of a sharp angle. The inside of the cane should 
be kept hottest Any flattened places miy be blown out a"-ain To bend 
I ^e tul es fill th n tl sa d and heat them o er a c! arcoal fire. 

(e) SIo u g b lb Bef re Uo v g a bulb on the end of i tube, the 
gla s n t be th Lene 1 at tl e sj ot It sea e to lo th s 1 efore the tube 
IS cut off an I w th v de tul e t m st always 1 e done first the tube is 
the Irawn oui and the eni losed Th glass must be remo ed from the 
fla e I efo e 1 e s ng the enl together to th cken t be a se this cannot 
1 e 1 ne wh le tu j, the tube an 1 i t we e hell st 11 t would be heated 
nneq ally If tl e gla s 1 e too h gl Ij heated t is aj t to vi nkle; it is 
tlcrcfn e bette to rej eat the oieraton sev al t nes hay ng thickened 
the glas for a si t d stance to go ove t ga n an 1 iga n n til a pear- 
Bha[ e 1 a uraulat on of tjlass fo me 1 A a"" 1 ' nil can never be blown 

on gla wl ch s once rnklel as een n fi^ ^ Narrow 
Fig 3T tul es may I e closed I y simj ly heatmg them highly, and 
I low I, gently nto the from t c e to t me to ] revent their 
clos ng up too fa from the end Ye y na ow tubes are 
omet me close 1 it hot! ends an 1 wa med si t,htly through- 
I t the r wl ole le gth thit tl e e pa sio of the inclosed 
I, r may keej the n f om clos g d nn^ the p ocess of thick 
, enng 

Whe the gla s s tl ck gh 1 g t t h h t 
while turning rapidly; th t k tl d th m th h Id 
the tube downward and 1 1 g ly t t t g th 
rotation. In this way the mass of glas 111 f 1yd t 1 t d 

Heat the glass again and blow it out t th q 1 g tly t 6 st 

and with more force as the glass cools If th p t bl t f 
bly at first, the bulb is apt to swell o t 1 t b m y h 
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and buist The film of gla=!'. formpd in t!iis wiy cften exhibits Newton b 
lings beautifully This precaution will probably be supeifluou'* in the 
beginning far the learner nil! not obtain heit enough to hluw the bulb 
even to the requited sue 

To blon the large bulbs mentioned in the e\pennients with the an 
pump, [see fi„' 161] take a tube 1^ to 3 hues m diameter and after 
thickening draw it out it both ends as lu fig 38 Then close one end 
and blow ont the bulb ^ery thin After cooling hold one side 
in the flame to flatten it and then dian out the tube yeiy fine Fig ZS 
close to the bulb and c it it off "When tl e bulb is quite cool !*^^ 
introdnce this point into the p loted flame and seal t quid ly |^ J 
\ thniit warming the bull so as to expanl the mclcsed ai 
Glass bonbs are mai aged in tie same i ay except thit they 
are left round an 1 ifter cutting them oft thej aie held in a 
p 11 of tong mide of thin viie fig 39 heated pretty highly 
but not enough to soften the glass 
and the fine point then eiled J" 7 31 

Foi bulbs nith a hook, such as C^ ^^N^ 
ai'e used in experiments on specific 
gravity, [see flg. 140,} the glass 
mustbe made thicker, to give them (^ j ^ — 
strength. The neck between the 

bulb and the tube must not be drawn out at once, but first be 
allowed to shrink and thicken, as it is to form the hook After 
the neck is cat off, it is heated and bent into a hook, with an 
iron rod or a pair of small pliers. 

(/) To join two tubes, the ends of both must be made of the same 
size by widening the narrow one, or contracting the wider. Tbeir edges 
must be even, and fit together vrell Hold the edges together, as sliown 
in fig. iO, and heat them with a 

pointed flame. When they are ^9- 40. 

united afl around, heat the joint 
highly and blow gently in at one 
end to swell out the joint a little. 
Then heat it again until the swelling sinks in ; blow it ont again, and 
repeat this process until the joint is smooth, and both pieces well fused 
into each other. Contract it finally to the proper size, and draw it out, 
or thicken it if necessary. Without this repeated heating and blowing 
out, the tubes are apt to crack at the joint upon cooling. 

(g) Opening bulbs and lubes. It is often necessary to make an open 
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IT J, in the k of ^ bulb or tube as in bs; 41 To effect tbn beat 
a thermometer tube an 1 stick it to the glas'- then beat the '.put moder 
ately and draw it out to a point Bieak off this point and round tbo 
edges with a pointed flimo Regulate tbe 
-^'3 ^1 size of the open n^ with an iron lod and 

Btrengtl en tl e edge if ni-cebsary by laying a 
tbiead of gla&s aif und it Tbia may be done 
by making a slender pointed rod lel hot 
attaching the point to tbe ede,e of the gkss 
belting the pait next the p int and g aduilly 
diiwing it out to athiead nbichislaid aionnd 
tbo elge It mayafteiwaida be more tboioughly 
united nitbtbe edge Instead of diawing out 
the bulb with a rod tbe spot may be 1 eated 
with a pointed flame anl a small knob bbwn 
out npon it lepeat thii seveial time'- and at 
length bloTv it oit bo snldenly as to bii t it 
If the bulb 01 tube ib to have only i fine apenrng in tbo si 1e tbe spot 
may be beited with the pointed flame and buist at oulb and the opening 
subsequently modified by heit ng it If merely an opening is needed 
without an elevated margin the hole may be bored as desciibed in ^ 15 
or with a diamond if tbe glaas be thick enough 

[31] Cutting glass i^ith a diamond lequ les only % I ttlo piictice 
in juJgii g at what di'ftaice fiom the lale tbe crack will be mide which 
depei ds on the setting of the diamond A clean cut is accompanied 
by no scratching noise and makei no trlass dust 

[33] EtClHUg glass — The expenmentei has, frequent ocuas on to 
etch scales etc on glass They cannot be dune neatly with adiammd 
and the gla a is moreover apt to break at the srrateh Glass i'. prepared 
fur etching by being cleaned with lye and then with pure ^vater and 
dried viith a Imen cloth It la then coveied with a thin coat of \ia\ 
melted and applied to tbo heated tube with a feathei Especial care 
must be taken to leave no pait uncovered The vamisb used by the 
copper ].late engravei is a better coating It is made of 2 parts white 
wax 1 part mastic J- [ait ^sphaltum and ^ part turpent ne kept melted 
foi about half an honi in a clean ciitben pot to allow the impuiitie,! to 
subsile and tbe upper part then ponied mto water A ball jf tl e com 
position, as large as an egg, is wiapped in a silk rag, and the heated tube 
rubbed with it. When the varnish is cold, the scale is scratched through it 
with a steel needle. The graduation may be effected on a graduating 
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machice, or, in tlie absence of tbis, the operator may make a t,ca!e on a 
strip of paper, pasted on wood With a sticl;, 3 to 3 feet long, he then 
malies a sort of diyiders, by driving two needles thronsh the opposite 
ends, fastens the scale and the glass to be graduated at a suitable distance 
from each other in a straight line, and, setting the point of one needle on 
one of the divisions, scratches through the varnish with the other needle; 
and so proceeds from one division to another, taking care to lay bare the 
glass at every stroke The figures are easily added. Powdered fluor- 
spar is then laid in a leaden trough of proper length, and moistened with 
an equal weight of oil of vitriol. The graduated glass ia laid immediately 
on it, or saspended at a distance of about 3 inches above it. The vapors 
are confined by paper kid over the apparatus, The apparatus must be 
placed under a chimney with a good draught, so that the vapors may be 
carried away from the operator, for they are very injurious. Although 
the gas will bo "evolved at the ordinary temperature of the air, it takes 
place very slowly; it is therefore better to warm the trough gently. Tbe 
scale is allowed to remain in the white vapors uotil the glistening divisions 
appear dull, (about three minutes,) after which the coating is removed by 
warming the glass, and wiping it with paper and a little spirits of tur- 
pentine. 
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CHAPTER III. 

WORKING IN METALS. 

[33] Copper and brass.^ — Tliese metals need special treatment 
only when they are required to be very soft or very liard. In the first 
case, tliey have only to be heated to redness. Cooling them in water, 
instead of hardening them as it does steel, only makes them softer ; it 
loosens the scale of oxyde moreover, especially from copper, and gives a 
bright metallic surface. 

These metals are hardened by hammering, and very gooci springs may 
be made of them in this way. Wire may be hardened by drawing it a few 
times through the drawing- pi ate. The experimenter will have so frequent 
occasion to draw wire for various purposes, that it will be advisable to 
obtain such a plate. 

[34] Drawing wire. — The process of drawing wire is very simple. 
The drawing- pi ate is held in the vice between plates of copper, and abont 
an inch of the end of the wire is filed small enough to pass through the 
next smaller hole. The wire is greased, and the projecting end seized 
with the pliers and drawn slowly through. After passing through several 
holes, the wire becomes' hard, and must be annealed before drawing it 
finer. 

[35] Iron and steeL — Steel is, like glass, a more or less elastic 
body according to its treatment. To make steel as hard as glass, heat it 
to bright redness if it bo German steei, and plunge it suddenly into very 
cold water : ca^t-steel should be heated only to a cherry red, and suddenly 
cooled. The scale of magnetic oxyde which forms in this process ought 
to drop off and leave the metal bright; but the steel may still be hard, 
even if this does not take place. Long pieces of steel are apt to warp 
in this process, and must be ground afterwards, to bring them to proper 
shape. The surest, though not an infallible, means to prevent warping, 
is to immerse the piece suddenly, with its longest dimension perpen- 
dicular to the water. It is difficult to harden large, and especially long 
pieces, because it requires a very large fire to heat them uniformly through- 
out. Thick pieces are apt to crack or break off in hardening. This is 
best obviated by plunging them in water at 133° F., which makes them 
hard enough. 
(44) 
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It ii seldom necessary to make st 1 1 a 1 as glass, so aa to bo bfittlo, 
but it is not in our power to t mp t j operly at once. The metal 
baths which are prescribed f th pu po e may ce ta nly 1 e d \ ense I 
with. On the other hand lo e t el wh cl 1 s b e mala very 
hard raay easily be softened t any [u od de„ ee I y clean ng ta 
surface, and heating it until it assumes s ccess yely yellow purple 1 1 le 
and gray tints. Care must be taken to heat t n fo mly p eces yh ch 
are to be made equally hard througl out must therefo e not be held m 
the tongg, but heated on a tray. Tools of ail k n Is for att ng metal 
should only be allowed to become yelloiv nst um ts fo c tt oi^ wood 
which have a thin edge, purple red; sprn^syih h haye not much m ton 
blue; very large springs, gray. Springs which are required to haye 
much motion, are burnt with grease, ■i.e. they are rubbed with grease, and 
heated until it burns, after which they are, like all the rest, plunged into 
cold water. 

Drills, turning chisels, etc. are loss liable to break when hardened only 
near the edge. When the tool is so shaped that it cannot be ground, 
the edge should be cooled first, and the heat allowed to diffuse itself from 
the other part until the edge has the right temper ; the whole tool is then 
plunged into wat«r. 

Cast-steel loses its yalue when heated beyond a bright cherry red, and 
cannot be frequently exposed, eyen to a much lower temperature, without 
injury. Steel which has been spoiled iu this way may be regenerated by 
heating it to dark redness, and cooling it in a mixture of turpentine, 
tftliow, and fish oil, melted together. Repeated cooling in boiling water 
is said to haye the same eS'ect: thick pieces must always be treated 
repeatedly. Steel regenerated in this way is hardened as usual. 

Steel and iron haye often to be made yery soft, which is done by heat- 
ing and allowing them to cool slowly under a covering of charcoal. 
Iron may be coated with clay, and heated. It becomes extremely soft by 
being heated iv. any yossel, under a coyer of hammer scales. 

[36] Tool making. — Making tools is certainly not the business 
either of the teacher or of the amateur, and it is always better to buy 
such things, if possible, than to make them. But among the most indis- 
pensable tools are some which it is often impossible to obtain, and the 
experimenter must therefore make them himself, or send frequently to 
the cutler, and often take to him large pieces of apparatus. Some 
general directions for their manufacture will therefore be in place here. 

[31] Screw tools. — a plate for cutting screws has already been 
mentioned in § 5, as one of the most necessary tools. Some taps for 
cutting internal screws generally accompany it, but they are usually too 
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short, and of little use. It is therefore! better to make at once a numbei- 
of taps to suit tlie thread of the plate. The small end of each should 
be a little less in size than the large end of the nest smaller one. The 
taps ought not to be too tapering ; they work better and are not so apt 
to break off wheu nearly of the same thickness throughout. The internal 
screws can also be cut more cylindrical. Slender taps should not be made 
too long; sis times the diameter is a good length, and in this distance 
the diameter should increase by the depth of a thread. It is common to 
make the first third more tapering than the rest. At the thicker end tho 
thread is cut away and the head made square, to afford a hotter hold for 
tho hand-vice. 

When the thread of the tap is nearly cut, remove the roughness with a 
smooth file, and then finish cutting the thread. Pile away the thread on 
four sides, except near the point, to give the tap a better hold at the 
start. Temper them straw yellow, and blue the head separately. 

To cut an internal screw clean to the bottom, when it does not go 
through the nut, requires a cylindrical tap with few turns. Fig, 43 shows 
a common screw tap. 

Fig. 42, 



After a screw-plate is bought, the first thing done with it should he to 
make taps designed to cat new dies when the old ones are worn out, and 
used for no other purpose. These taps ought, properly, to exceed in 
thickness the screws cut by the plate by twice the depth of a thread, but 
this is not rigidly adhered to, for the proportion between the diameter of 
a screw and the depth and thickucs of the thread may vary within wide 
limits, without rendering the screw nseless. A screw is, however, gen- 
erally useless when the depth of the thread is not at least equal to its 
thickness, and when the ratio of the external diameter to the internal is 
less than ^z 2 : 1 ; for in this case the thread cannot be filed 
Fig. 43. away on four sides of the tap, and consequently it cannot be 
j^^^ used. In this case, the depth of the thread is about i, of tho 
^BHj^ diameter of the screw, and, except in special eases, it is not 
^^^ safe to go under ^, where the screw has any considerable strain 
to bear. On large machines, screws will be found where the ratio is i of 
the external diameter; for such cases, the threads of the tap must be cut 
off, as shown in figs. 43 and 44. 
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The reserve taps are made cjliEdrical, aud the thieads are not filed 
awav at the sides, but four spiral grooves are cut in them is seen in fi^ 
Fig. 44. 



45. They are turned off 
lathe again. 



This standard or reserro tap serves to make two other screw tools, 
which it is easy to buy; but it is very convenient to have tliem with the 
same thread as the plate. These are the chaaers, one for cntting external, 
and the other for internal screws. Figs. 46 and 47 show a pair of these 
tools, which are easily made, 

if the reserve taps can be Fiff *« _ ^'9 ^1 

used for cutting them on the . 
lathe. Such tools are veiy ^ 
convenient, because w 
them, threads can be ■ 
rapidly, without removiu,, 
work from the lathe, and with ^^E 
out regard to the thickne s 
of the cylinder. The nece 
sary skill is easily acquiied 
even with a lathe not fnr 
nished with guides, if the pre 
caution is taken to use a steel 

support instead of one mounted with w i d v;hith i thPim e I ettei fji 
turning metals. 

[38] Cutting external and inteinal Sciews ' t- simple 

operation. For the former caie must be taJ pu to give the cylmdei biielv 
the required diameter, tor the s itwenhi e a httio ind to hold tie plate 
at right angles to the ixis ot the cylinl r If thi-, be i little thickei 
than the hole in the plate it does no gieat haira The plite must be 
turned slowly at first, and pie sed on steadilj until one turn is com 
pletcd, else it may cut a false thread The internal screws must be bored 
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Fig. 48. 



F'q it Fiy. 5(1 



out far enough to admit 3 or 4 turns of the tap, whicli is then screwed 
into the hole with a moderate pressure. In both cases, It is necessary to 
diminish the friction in the part of the screw ah-eady formed by turning 
baclcward and forward. In cutting the external screw, care is necessary 
not to twist too forcibly, else a slender screw might be twisted off. In 
forming the internal screw, it is necessary to bore at last from the oppo- 
site side in order to insure uniformity in the thread ; but this is not neces- 
sary if the thread is turned off for a sufBcinnt distance from the top of 
the tap and the nnt is not too thick. 

In ontting screws on iron and copper, oil must be plentifully employed. 
Brass is cat dry. 

Screws with broad brass heads are often needed. For the heads of 
these, a square piece may be cut out of a brass plate 
and filed round, or a disk cut off from a cylinder. The 
head is then pierced, and the shank turned or filed 
down so as to fit tightly in the hole, driven in with 
a hammer and soldered with 
Fig. 51. tin. The portion {a, fig. 
48] projecting beyond the 
head serves to fix it in the 
lathe, nr as a hold for the v ice 
in cutting the screw ; it is at 
last filed off, and the head 
either finished with a file or 
on tlie lathe. The heads are 
generally milled, which is done 
with a milhng tool 

[39] Metal drills are 

made of cast-stnel, which can 
he bought of any size. The 
smaller ones are made of 
round steel, and hammered 
broad at the end The edge 
runs oat to a point, so as to 
be set exactly on any desired 
spot Theotherendissiinared 
to fit into the handle or the 
chuck of the lathe. Fig. 49 
shows a drill, with about the 
proper slope for the edge. 
The smailev drills, for holes 
of 1 millimeter and under, 
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are not uaed in tiie lathe, but set in a liandle, such as is shown iu 
fig. 50, and turned by means of a whalebone bow, fig. 51, the cord of 
which makes one turn around the wheel a. The point h is set in a depres- 
sion in the vice, the piece to be bored pressed against the drill with the 
left hand, and the bow moved up and down withont pressure. The hand 
must be protected from being wounded, by a piece of wood held opposite 
the point of the drill. Thi? makes the edge of the hole smoother than 
when the drill is allowed to break throngh. Large drills are made of 
round or square steel hammered broad at the end. The edge is beveled 
in opposite directions on each side of the center, as s 



;. 52, so a 



Mg. 53. 



Fig. 53. 




Fiq 54 



to have an oblique edge instead of a point. The hole must be started for 
them with a conical drill. Drills of still larger size are usually made in 
shape of fig. 53. The edge is straight, and has a short, 
squaie point in the middle Such diills are used chiefly 
for bormg shallow hols'. 

In boring oa the lathe, the drill may either be fised 
to the chuck, and the object to be bored pressed agamst 
it, or the nouierse The litter makes rounder and moie 
accurate holfs Cast iron and brass are usually b jred 
dry, coppei moistened with oil 

For deep holes the so called cannon dulls are pre 
ferable to all otheis They are mide by hammering out 
of a piece of round steel a shank of suflicient length 
turning the rest of the cylinder aecnrntely on a lathe 
and then filing away one-half of it, and sharpening the 
end, aa shown in fig, 54. The point is not made in the middle of the edge. 
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Larger dulls are forged half loiurl and tliea turned These dulls cut 
very clean and straight but can only be used on the lathe with the piece 
to be bored revolriug Ihe point not being in the middle it is necessary 
to start the hole as seen m fig &5 so that the dull fits into it arcuritely 
and the point does not cut at hrst Poi drills less than a 
line wide this is not necessary and the veiy small ones to 
be used by hand are shaped appioximately with a file 

Tlie Beamer, fig 5G is an almost indispensable in 
strumeut Its conical head is cut into conceutiiu i,roo¥CR 
and the =!quaie end must fit into the latho and the diil! 
hanlle 

[4U] Other tools are easily made when neede 1 The 
center dull i-* a useful tool it is a cylii d of steel 5 
mthes long and ^ inch thick sharpened ti a point it an 
angle of 60° It is nsed fur marking the point where a 
hole IS to be bored and making a cavitj in the ends of 
pieces to be turned by which thcT are stt m the lathe 
Turning tools for metal aie easy to make One end of a 
piece of cast steel is tapeied to set it into a wooden 
handle and the other file 1 ti the desired shape Chisels for turn 
ing biass are made with an obtuse 
.edge s fig 57, vi bile such as are 
intended tj be nsed for iron hare a 
sharperedge fashioned hko *; b^ 58 
[■il] Soldeiiiia — ^^ ui h haid and soft solder, to the lat 

ter belong the metals usnl loi olleiing which fuse below a led heat 
such as tin tinner s solder (tm and lead m Tarjing proportions ) and the 
same with the addition of bismuth Hard soldei includes silvei ■-older 
(silver alloyed n ith brass ) w hich may he had of \ arious degrees of fusi- 
bility fiom the silversmith silver cum (9 sili er to 1 copper ) and raiioui 
fusible allovs of zinc and copper and lastly coppei itaell The list can 
only be used fn soldcnng iion 

AH joints which are to be soHeied 

Fq ' ) must fit as smoothly as pjssible and 

both Euifac s be sciaped clean, they 

must also be held in close ccntatt 

either bv wrapping them with fiie 

binding wire, or holding them with a pair of forceps made of strong wire, 

fig. 59. 

If a piece is to be soldered several times, making it necessary to heat 
the old solder again, a softer solder must be used each time. 



Fig 57 



Fij 5S 
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[42] Soft Soldering. — A soldering iron is used for soft soldering. 
For our purposes, a tolerably thick, pointed iron set in a wooden liandio 
ia anfficient. It is used in soldering pieces whicii are too large to be 
heated entirely, or in any case where only local heat is required. The 
iron should be tinned before it is used. This is done by moistening it 
with the soldering fluid, heating it until a piece of tin melts on it and 
wiping it off with paper. In using the iron, it must be made very hot, 
wiped clean, and a little solder talicn np on the point of it. The joint 
must be strewn with a little powdered rosin. 

Soldering without the iron, by heating the whole metal, is a very sim- 
ple operation. The joint is moistened with the soldering fluid, and 
heated with a gas or spirit flame, until the solder laid on it melts. The 
solder draws quickly into the joint and spreads through it. The excess, 
if any, is scraped away. Any soldering fluid remaining must be wiped 
off with a wet cloth, otherwise it will oxydiae the metal. 

The best soldering fluid is a solution of sal ammoniac, or a mixture of 
chlorides of zinc and ammonium made by dissolving 32 parts of zinc in 
the necessary quantity of muriatic acid, adding 23 parts of sal ammoniac, 
and evaporating the solution to dryness. The salt is dissolved in water, 
and filtered. With this fluid it is hardly necessary to clean the surfaces 
to be soldered. 

In soldering brass and copper, the solder flows through as soon as it 
melts, and the color of the metal shows when this heat is attained. Iron 
requires to be heated higher before the soJdei will adheie When objects 
are to be soldered, therefoie which will not bear a high heat, the iron 
muit fiist be tinned separately m the way described fur the aoMering iron. 

[43] For hard, soldering smill aitJes sdvei solder or silver 
coin IS best The lattei is hammered to a (bin plate and cut into pieces 
^ inth broad and J- inch 1 ing The cost is inconsiderable , a quarter of 
a dollir g)es a long way and metils soldered with silver can be ham- 
mered and bent without the joint breal mg which is not ilways the case 
with brass s alder 

T^hen the joints are well htted together cleaned and f^tened, they 
are moistened with watet some boiix strewn over them the bits of solder 
laid on thej.int ind more boiax spiinkled ovei them, or the bits of solder 
are mixed up in a paste with borax and a little water and applied so. 
The metal is heated slowly until the borax ceases to puff up, taking care 
that the silver remains in its place. It is often difficalt to retain the silver 
on small articles, when ordinary borax is used; in this ease, powered cal- 
cined borax is used without water. 

According to the size of the object, the flame of a spirit-lamp is either 
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directed immediately upon it with a blow-pipe, ur it is laid on a piece of 
eliai'coal surrounded on three sides with coal and covered with another 
piece. The flame of the lamp is then directed 
upon it until the solder melts and adheres, 
after which the article, if it contain no iron, is 
immediately cooled in water. Practice in the 
use of the blow-pipe ia of course indispensahle. 
A gas blast-lamp is very conyenient fur sol- 
dering. A buruer is used for this purpose lite 
the one described for glass blowing, but smaller ; 
It is shown of natural size in figs. GO and 61. 
Tiie opei It g for the escape of the gas must 
only be a fine "^lit The burner is counected 
with an\ gas pipe l>y means of a flexible hose. 
The air pipe is stuck ticchtly into tlie burner, 
and leaches to the mouth of it. 
With this burner, sufficient heat 
maj )je obtiined to fuse a bead on 
copper wue 1 to 1^ millimeters 
t!iii,k without the aid of charcoal ; 
01 the flame may be reduced to a 
mere point, and made to bear on 
the smallest spot. The objects to 
be heated may be laid on the work- 
bench, and the flame brought to 
bear on them in any direction 

When a greater heat is required 
than can be obtained in this way, 
the articles to be heated must be 
laid on well ignited coals in the 
forge or a ciiarcoal furnace. The 
joint to be soldered must always 
remain Tisible. Use the blast of 
the forge gently, and fan the coals 
briskly. Large articles arc usually 
brazed. In soldering brass, care 
mast be taken that the metal itself 
does not partially fuse. This is not 
BO much to be feared in the case nf 
copper and iron. 
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VARIOUS OTHER 

[4^] Gluing. — Common glue only tidberes to fresh surfaces, whieb 
have not been glued before. 

Isinglass cement is worthy of special notice, being suitable for cevnont- 
ing glass, and for all other parposes where a strong cement is required. 
It is prepared by ontting Russian isinglass to shreds, and soaking 4 to 8 
parts of isinglass in 100 parts of water, for 34 hours. The water is then 
gently boiled for half an hoar, being filled np as it evaporates. It is 
filtered hot. When more is prepared than is u^ed, the thickened mass 
may be dried on paper, and boiled as before, when needed for use. 

The teacher has, frequently, in preparing diagrams, etc., to paint upon 
paper which is almost always water spotted. This difficulty may be 
remedied by sizing the paper with thin glue-water, containing a little 
alum. A solution of 2 parts of isinglass (or i parts of the so-called 
gelatine) and i parts of alum, in 100 parts of water, is sufficiently 
thick. Stretch the paper, and apply the size with a brush or a small 
sponge. The surface should not appear glossy after the size is dry. 

[45] Cementing, — Cementing with sealing-wax or shellac is a 
common operation. The former is preferable, when the color is not 
objectionable, as being less brittle than pure shellac. The pieces to 
be cemented must be warmed so that the cement will melt upon them. 
When both parts are sufficiently coated, they are warmed again to make 
the wax cohere. If they are put together when very liot, a crack may be 
caused by their unequal expansion. This precaution is not always 
necessary, but should never be omitted when glass tubes are to be 
cemented into close-fitting metal sockets. The pieces must, of course, 
be held in place until the cement hardens, which may, without injury, be 
hastened by the application of water. Any excess of cement is after- 
wards removed with a knife. The closer the pieces fit together, and the 
less cement there is between the joint, the stronger it will be. 

It is often necessary to cement metallic articles to a wooden chuck, to 
fix them in the lathe. Common sealing-wax is used for this purpose, and 
1, burning, on the wood. The article is easily centered while the 
(53) 



dbjGoogle 



54 PHYSICAL MANIPULATION, 

wax is still warm. It is well to be cautions in tuiDing, to avoid Iieatiug 
the metal t>o as to make it necessary to cement it afresh. 

To fasten cloth to metal, it is soaked in a dilute solntion of galls, 
squeezed out, and pressed, still moist, upon the warm metal, which has 
beeu coated with glue. 

The joints of gas and steam apparatus, held together hy screws, must 
often be made steam tight. The machinist's red-lead cement is the best 
for this purpose. It is made by incorporating red-lead and litharge 
thoroQgbly, with linseed oil, until they form a soft plastic mass. It 
should be kept under water. This cement is readily obtained from the 
maehine-dhops or g'as- fitter's. Putty answers the same purpose, if too 
much chalk is not used in it, instead of white-lead. If the parts are nut 
to be very highly heated, a cement made of melted caoatchouc and red- 
lead or white-lead i-> very serviceable Parts which are not to be heated 
may be made close by laying strips of vulcanized rubber between them. 

[4^] Varnisllillg. — Physical apparatus should generally be var- 
nished, both for its better preservation and for ornament. Tarnish mast, 
however, not be applied to everything, especially not to parts nhich are 
to be frequently handled. The varnish is soon rubbed off from such places, 
and they look worse than if they had been kept clean, without varnishing. 

MaMttg the varnish. — Take 1 part of finely-broken shellac to 4 parts 
of strong alcohol (85 to 95 per cent.) and let it stand in a warm pla«e, 
shaking it often, until the solution is complete, which will require about 
24 houi's. The addition of I to ^g part of mastic renders the vamiah 
less brittle. This addition is more necessary to bleaehed than to crude 
shellac. It is well -to take a little more resin, to make the varnish as 
thick as possible. 

To filter the varnish, which is often necessary, let it stand quietly, in a 
warm place, until the insoluble and slimy matters have subsided, then 
pour off the clear liquid, and filter the rest, hot, through coarse filter 
paper. The slimy mass filters very slowly, and must be covered with 
a glass plate, to retain the heat. The varnish should be kept in a wide- 
mouthed bottle, with the brush stack through the cork, or else the brash 
must be washed out with alcohol after using it. A broad camels'-hair 
brush is used for applying the varnish, or a piece of fine sponge fastened 
in a tin holder, like a brush, and cut off so as to project only a few lines 
beyond the tin. 

Colored shellac varnish, especially a reddish sort called gold varnish, 
is needed for some purposes. The coloring resins may be dissolved at 
once with the shellac, but, to avoid having so many vamish pota standing 
about, it is better to dissolve and filter the coloring matters separately. 
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and mix them with the varnish as required. For our purposes, a solution 
of gamboge aod another of dragon's blood are all that are needed. 

T) make vainish of sealing wax it is only neces^aiy to lay in excess 
of selling wa^ in alcohol and befoieusingit to shake it up Badseahng 
wax makea bad Ta:inish and good wax la exyiensiive it is therefoto better 
to add veimilion directly to a solution of shellac witli a good deal of 
mastic It IS well to add also some carbonate of magnesia which does 
not injure the color much and give the vainish more body 

Black varni&h la also needed aometimps, tins is eas ly made by mix ng 
fine lampblack ^ith a solution of shellac A stlut on ot 1 piit asphal 
turn in 3 paits spinta of turpentine furniahes a gjod bhuk coating 
especially for objects which are to he heated The tinners virnish stove 
pipes with this but they add linseed oil and red lead to it 

Vo) nibhmg meiah — In virnishini^ metals the viiniah must eithei be 
applied immediately aftei turning or filing or else they mnat he polished 
with pumice stone and w atei and then w ith emery and oil taking care to 
make all the streaks parallel This makea neatei woik, but aftei jioliah 
ing the articles must be washed with soapsuds and wiped with a clean 
linen cloth The articles to be varniahpd should never be touched with 
the bare hand hefoie applying the viinish All metals should be heated 
over a coal fiie or on a heated -iheet of irtn until tho hind can haidly 
be home upon them and the vainish thei ipplied 

ihe blush should be dipped into the varniah not too deeply and the 
strokes kept paiallel to the streaks of the metii if the stieal is made on 
the lathe the va nish must i!ao be applied on the latho In varnish ng 
large aiticles pressure on the hiush must alwija be increased somewhat 
toward the en 1 ot the stioko m ordt,r to apply the vainish evenly The 
pieces mu t not be touched before they aie quite cold Several roats of 
shellac viinish mav be ipplied cold to metals but the varnish dues not 
attain the same hardiess or luster and it is thereftie apphed so only 
when it is desirable to ha^e a veiy thick coat of varnish meg on 
electrical machines or where the object cinnot be warmed again 

Iron IS seldom varnished and tnlv vnih bleiched shellac, unbleached 
shellac may be used foi bmss ind copper it gives the brass a daikei 
color but bleached with the addition of the coloiingmattera mentioned 
is piefenble For white metals such is lead either bleached shellac is 
used 01 unbleachel with the addition of resins to gne it a gold color 

The same vainish is used for ^ood but it is applied oftenei and in 
thinner coats When elegance is not an object 1 ut onlv protection 
agamst moi tuie oi good insulation nnfllteiPd s Intian of ahellac miy 
be employed A ccond coat must not be apphed befire the fiist is dry 
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It saves the varnish, to coat the wood first with thin gJne. To make 
the varnish look well, the wood must be rubbed, after the first coat, with 
fino emery paper. When the varnish has been laid on thickly, it may be 
rubbed with Tripoli on a woolea rag', and polished with linen and oil. 
The excess of oil must be removed by strewing the surface with meal 
and wiping it with a clean linen cloth. 

White wood may be stained nut brown by a dilute solution of asphal- 
tum : the addition of dragoon's blood gives a mahogany color. Staining 
with nitric acid does not answer for physical purposes. 

Paper is varnished in the same way as wood, but the paper must first 
be sized, to prevent the varnish from sinking in and staining it. 

Glass is varnished warm, when only a single transparent coat is required ; 
but when several coats are needed, they must be applied cold. 

[47] Cork.— Good soft corks are necessary for various purposes, and 
nothing is more difficult to obtain. By picking over several bales of fine 
corks, a few really good ones may be found. Champagne corks, which 
have not been pierced with the corkscrew, are serviceable for many 
purposes. 

To fit a cork well into an opening, it should first be cut nearly to the 
size with a sharp knife, and then finished with a file. 

Goih boiers —A cheap but not very durable coik borei is made of a 

tin tube about 3 inches long thru-^t thi sugh a large tube for a handle 

fig G2 The size of the tnbes is so graduated as to fit into each 

Fig 62 Fig 63 other in ^sets of 8 or 10 as 

^^^Tj^^^^ ^^^^^^ ^ ^^^^ S edges are filed sharp The 

lH ^^^^^:^^^^-^^^ piece of coik cut out leraams 

"I ■ yjfK- — in the cylinder and is pn-,hed 

j||| I out by the ne\t smillei one 

in II A better stylo of coik hoiero 

|U I IS made sf similai tubes of 

up I'll bliss fitting into eoth other 

|1| but they aie mjre expensive 

Lil In ordei to make a quite 

smooth clean hole in a cork it is bettei to take a cyhndei smaller thin 

the hole lequiied and enlaige it iMth a fine rat tail hie An lasottment 

of these should be kept in the dra^ver with the corks and used loi no 

othei pnipose 

Thin slips of cork may be used as washeis to make an an tight joint 
Supports of all kinds miy be made with etrks and gUss rods stuck )n 
inverted funnels 
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[48] India-rubber. — Tuties of vulcanized rubber are almost always 
to be bad now, but in case of necessity they may easily be made from sheet 
rubber. For thif purpose a strip is cut of the proper width folded around 
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PAUT SECOND. 

PHYSICAL EXPEEIMENTATION. 
CHAPTER I. 

EXPERIMENTS ON THE EQUILIBKItfM OF fORCES, 
(a.) SOLIDS. 

f49] Gteneral remarks.~Tii experiments oa this aubjeet, it is 
necessary to liave a number of weights with hooks, and of a unit not 
too small, so that any quantity from 1 to 100 may bo expressed in terms 
of this unit. Any one can readily make sneh weights of lead, by 
casting thia metal into paper tubes, and cutting off proportional 
lengths. The handles may be made of small brass rings, with iron screws 
to them, which may be had at any hardware - store : the final adjustment 
of the different weights may be made by means of a koife and coarse file. 
If brass be preferred as the material, it would perhaps be better to pur- 
chase the weights ready made. Copper coins are also very convenient for 
the purpose, as they are easily combined in any desired number. They 
may be held together by a string or wire passed through a hole in the 
center, or by being inclosed in a wire frame or a small tin box. Small 
metal boxes filled with shot may also be employed. In all cases, the 
quantity should be stamped on each weight, in terms of the assumed unit. 

Besides the weights, several scale-pans, whose weight is accurately 
determined and marked on them, will be found very convenient. Their 
weight should, if possible, be integral parts of the standard nnit. 

[50] The parallelogram of forces.-— Among the various 

arrangements for the statical demonstration of this law, the one presented 
in fig. 64 is especially recommended on account of the simplicity of its 
construction and the readiness with which the forces may bo meas- 
ured by the length of the lines. To the blocit A is fastened the rect- 
angular bar a b, which is pierced with holes at eqnal distances of about 
a centimeter or an inch. The point of rotation c should form the com- 
mencement of the series. Upon the bar moves the slide d e, whose 
length corresponds to a whole number of units of the graduation ; it is held 
in its place by a pin, and the numbers are marked on the bar In such a man- 
(58) 
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ner that the one seen at the upper edge d of the slicle indieate-i the distance 
c F. The thickness of d e is aucli that its anterior faue is ptnllel to that 
of A, and staada the thickness of one of the bars farthei back The thin 
strips, Fi, Fk, m n, I o, are pierced with holes at the same distance apart, 
a8ina&; they are likewise numbered from their point of rotation and may 
be combined into a quadrangular figure by the insertion of flat headed 
Fig. 64. Fia 65 
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wooden or iron pins, as at z s. It is better, though not necessary, for those 
pins to have screws on the opposite extremity. The strips mnlo likewise 
carry pulleys, one side of which coincides with a line connecting the holes. 
In the present and similar cases, the pulleys (best of boxwood) should have 
a slight elevation toward the center, as shown in the one represented of 
natural size in fig. 65. It is held between the strip on one side and a bit 
of bent brass plate, screwed to the wood, on the other. The brass must 
fit sufficiently close to the pulley to prevent the string from slipping off. 

In trying the ezperiment, take three silk strings, and tie thorn to a small 
brass ring; pass two of thera over the pulleys, allowing the third to hang 
down. Construct a parallelogram of any size out of the four strips, which 
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will then liave its diagonal ia a 6. If weights be now bung to the ends 
of tiie three strings, corresponding to the distances cz,cs,cF, eqaili- 
brinm will take place, and the point of union of the strings will correspond to 
the point c, retnrning to it whenever drawn away. The small boxes of tin 
filled with coins will be found 
■^'f ^^ -nevj conTenient in this experi- 

ment Iho block i may be 
fastened to a stand or imply 
phced on the edge of atnble; 
in the latter case howevu it 
rauit be heavily loaded 

It any other w ei^lit than that 
coiicsponding to the diagonal 
he used foi the middle force, 
the knot will not come to c; 
the slide may then be moved 
until this IS the ca e and the 
weight will flccain correspond 
to the length of the dngonal. 

"Without sneh a machine two 
pulleys may be S\ed to a table 
in any way as in fig 61" and 
any weights attached to the 
cold and then the an^le which, 
acco din„ to the law the foices 
would make with each other, 
sought hj construction It this 
figure diawn toleiably large, 
be held behind the cordi the 
angle which thev make will 
alwajs toirespond ta that of 
the figure The correspondence 
will not be exactly ovung to the 
nnav Old able friction butthedif- 
feienee "«ill fall within the same 
hmits on both sides 

["ii] The knee press — 

The application of the paral- 
lelogram of forces, in the so- 
called knee-press, may be readily 
illustrated by means of the apparatus represented in figs. 61 and 68. To 
the board MN the upright pillar A Bis fastened by a screw. Up and 
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down this moves the pnlley Q and tlie lever JiT cij alle of I e i g fixed 
by slides and clamp screws. Thus, in any position of the tnee tl <■ lever 
IH and the string a of the pulley may be made to assume i hor zontal 
po.sition. The string is attached to the axis at Z) I y n ean f a st i up 
If the bars EI) DF movo on their Joints witi sufBc ent fteedom a d 

Fg G1 



Fig. G8. 





jreci jn ne cin reidily cal ulato fiom the weights in thp 'Jcalp j an e, 
and the pioportions of the 1 nos (7 Z) an 1 O S the lateral foi i; D E an 1 
from the leveiage the weight requiied at H jince n tha expeiment 
D E mil afit nearly perpendicularly on IH One of the joints mu t be 
bO constrneted thit the bars D E D F will be unable to pa a beyond i 
leitical position All the bars should be made of iion the extremities 
somewhat strougei for the joints the cential joint being (-ons,tructed as 
sh)y-n in fig 6J to preient the two liai? fiou gjing past the straijjht 
line The hjles and pms is w 11 as all the joints must be male veiy 
smoith to give the appaiatns the pioper freedom ot actiin 
The compound action of two foices may likewise be shoi 



'iimaltaneou'! imiact of 
ivory bills upon a thi d al 
of the same iize 

[52] The composi 
tion of uniforin foi ces 

may be illustrated by th ii 
paratus shown in figs, 70 an 1 
H. Jf-ZVis an upright loa 1 
with a foot p. The 1 oard 
S S is fastened perpend c 
larly to MN, and held in place 
by means of two bracke s a 6 
This board is slit Jong i 
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nally along tho middle, and has two rahbets oa the upper side, parallel 
with the slit. To a block of wood c d four wheels are attached, running' 
in the rabbets of S S. In addition to the four wheels, there is a pulley 
in the block, projecting slightly above the upper side ; oyer this and the 
pulley/ is passed a string, iaatened at g, and carrying the weight /i. If 
the block cdhe now drawn along the board S S hy means of the string o 
passing over the pulley e, the weight h will immediately ascend along the 
diagonal o m. of the parallelogram m n op. 

[53] The inclined plane.— An arrangement to exhibit the laws 
Fig. 72. 




of the mi,hni,(! pi me convementlj aud nitli siifliLient esictness, must be 
aiTanged aa that the force may be made to art parallel either to the 
plane oi to its base The mclmed plane should be of metal and capable 
of being fixed by a clamp strew at any angle Tlie cyhndci running on 
the plane must also be of metal having for pivots the steel points of two 
Bciews fixed in the brass frame ab, figs. 13 and T3. The piece defhm 



d by Google 



PHYSICAL EXPERIMENTATION. 



63 



ts d de & graduation in fractions of the base ; e f liliewise is 

g 1 t 1 eitiier to degrees or in fractions of tlie length of the plane. 

Tl I tt is tlie more difficult to apply, and in general it is better to 

1 It tl e counterpoise required from the known weight of the cylinder, 

1 th t angle mno li the count ei weight acts, over the pulley g, it 

w 11 h Id the cjbnder m eqailibiium it any point on the plane. When 

t t 1 wever over h eqaikbrmm will only exist when the string is 

h t 1 This latter pulley is carried by the brass strip j k, 

fig 74 d may be fixed at any position by screws i s which, -^'3 li 

h w ill not atfect the result In this case the lachned 

pi h slit through which the string can pass 1 he pulleys 

ml f wood with slender asles, ' seives to support the 

jl h on TOD tal posit on for which the slit is widened towaid 

g, to pass over the pulley h. 

["54} A simpler apparatus, though quite as instructive, may 
be made of wood, as shown in figs. 75 and T6, ^ of the real size 
Fig.Vo 
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1 lley lib X rests oa tho s ks of th 
I lates The j uUey must I e ia la go a 
table vhen the two 1 oa ds are shut on a 
ratns ne may make use of a ] n wli h 
on tlie under a le of tl e n In ed \ Ian m 
the 1 e gl t of the 1 n 

The 1 a I s be t n i le of metal t may, howeyer, be of old wood sat- 
urated th hot a n sh ts d a,meter as shown in the figures, will depend 
on the he ght of the pulley. When of wood, it should have metal shafts, 
^n 1 ! e et in a frame of sheet-brass. The weight of the roller and frac- 
t ons of the same are marked upon it. 

[55] The screw. — The theory of the screw is best illustrated by 
means of a wooden cylinder about two inches in diameter, on which is 
wrapped a right angled triangle of paper, as « 6 o in fig. IT, one cathetus 
of which is equal to the height of tho cylinder, the other to its circumfer- 
ence. The hypothenase has a well-defined black margin, and represents, 
when wrapped around the cylinder, one turn of a screw. 



Fig. 11. 



Fig. 78- 




In a imilar v.iv the iIoul)le thif ideil scie^ mi-v bt lUu tiat d b\ hav- 
ing a second bkek line parallel to the hypothennse aa m fag f where 
tt 6 IS equal to the CTrcnmferencc of the cjlindei ami a e half the same 

In Older leallj to show the action of screws, by weights itwould be 
necessary to choose such as have a wide thread, and even then the fric- 
tion would bo too great. It would be well, however, to have a few 
models of flat and sharp threaded single and double screws, and also a 
model of an endless screw, although they should not be used with weights. 
The models should not be too small. 

If it be desired to illustrate the action of a screw experimentally, the 
following apparatus, designed by Professor J. MiiUer, is very convenient. 
The base MN, fig. 19, supports a massive, well-turned eyliuder A of hard 
wood, over which fits a hollow cylinder B, designed to support the weight 
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0. The latter cylinder is made of very bard and dry wood ; the lower 
margin is cut in the form of a screw, which can be made pretty accurate 
by first pasting around it a slip of paper, as in fig. 19. Into tbe solid 
cylinder, six rollers aa. . . are screwed, so that all may support the screw 
together. These rollers move on steel bearings. Pig. 80 shows one of 
natuial a zc Ihe arm D also his i rolkr over which the cord with 
counter veight \ asae Th r sho ill have a high angle, and, for con- 




venience in experimenting, should bear a simple ratio to the circumference 
of the cylinder. The use of the apparatus needs no explanation. 

For further illnstration, an Archimedes' screw with a glass cylinder is 
convenient. 

[56] The wedge. — The simple arrangement of fig. 81 is intended 
to illustrate the theory of the wedge. It consists of a wooden base r r 
set horizontally on a table by means of four adjusting screws. In this 
base and hung between cheeks of brass is sunk the cylinder a; it also 
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carries the pulley c, wliicli pioiects in such a maniiei is to give free play 
to the string 1 1 to which the scale pan li is attached In the upright i 
is hinged the board s, with its cylinder b which can he pressed against 
the cylinder a by a weight Bet^^eea the two is situated the wedge k 
attached to the string II. Theie should bo severil sf thise viedges of 
the same length, bat of diffeicnt ha pi 

The entire apparatus is very simple although the cylmdeia lequiie nice 
work. They are made of bo\«03d inl turned on then pms aftei these 
hare been inserted. The two must rotate peifectly paiille! to eatli 
other. 

Tlie mode <if using the apparatus will he evident to every one. The 
pressure of the board a with the cylinder b is ascertained by attaching 
it by a string to one scale of a halauce, and putting weights into the 
other until the board rises on its joint to a 
horizontal position. This weight is marked 
on the board, and in each esperiment is to 
be added to p. It will be best so to regu- 
late this weight that it shall amount to a 
whole number of the assumed units. 

[57] The pulley. — In addition to 
the common form, it will be necessary to 
illustrate the movable puUoy for the case 
where the two cords are not parallel, as 
this affords a good opportunity for remarks 
on the parallelogram of forces. The ex- 
perimenter should have a number of single 
pulleys with movable hooks, about the size 
and shape of those in figs 82 and 83, so as 
to admit of various combinations, A frame with various sets of pulleys 
is shown in fig. 34. 

The pulleys themselves must move freely enough to require their weight 
to be taken into account in experimenting, this being determined by means 
of a scale-pan, as in the simplest combination of fig. 8i. They must be 
a little thicker toward the center so as to diminish the friction against the 
frames as much as possible, and the space at the top mnst be so small as to 
prevent the string from slipping off. To explain the working of a movable 
pulley when the two strings are not parallel, as in fig. 85, the same arrange- 
ment may be used as for the parallelogram in fig. 66 ; in this case we pass 
a single string over the two pulleys of the frame, and upon this place a 
movable pulley, as in fig. 82, By means of the apparatus, it will be easy to 
esplain the advantages and disadvantages of the different combinations. 
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[58] Construction of the pulleys —if made of brass, pieces 
as Dearly cirmlar as poss ble ire cit ait <.t brass plate with the saw or 
cold chisel, tollowmg up nith the file i hDle is nest to be bored in the 
center of each ^nl a wiie filed si ghtly tipermg pa';scd through so as to 
fit tightly. This shoiM fe at least a line ii dnmeter and be soldered 

Fig 8i 




th 

that the pulley left very 
Ifeltl th 1 t the atis 
tt th u f nee The 

a 1 Id 1 1 ft at least 
h If h th kncss and 

tl g ma t be deep 

gh t the entire thread w thout any part of it projecting 

1 J 1 tk 1 fa- 6(,. Ihe pulley is then to be varnished while stitl 
th 1 th 
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The cheeks, fig. 87, the hook, with its neck, fig. 88, ami the interme- 
diate piece, fig. 89, are then made, and the latter pierced with a hole to 
receive the hook. The different parts are then combined by means of a 
hand-vice, which is applied over the upper half of the intermediate piece, 
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Btrncted by getting '(orne wooden pallejs alieady pierced from the turner. 


and bending a round iion wire into the shape 'ihown in fig 


91. The part 


Fig. 8T. Ftq SS Fn, 


90 Fki n. 




a passes through the hole of the pulley and m thi* way we shall have a 
tolerably good arrangement and at i veiy tiiflmg cost even for a con- 
siderable number. 

To make the pulleys turn very easilj which is necesaiiy for many pur- 
poses, they must rnn on pointed steel sciews passing thiough the frame. 
A hole is bored in each end jf the a\i=( which is. enlaif.ed conically, as 
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shown 311 in enlai^ed ' ale m ti^ ^2 
tins c meal hole The pnints r>f the 



The pulley mnst I e (.Liiteud r>n 
iciews nhich run loosely in the 
Cornell depie sioil must bo 
sharper cinei. so that only 
the ubtuse pdg a of the de 
piessions wiil play on then 
polished surfaces The 
screws are made as htid a'5 
glas and lo adjusted a^ 
just to allow the pulley to 
turn fieely without pie 
suie or oscillation Foi 
this puipose a second nut 
la neceasary as seen in 



[t I] The lever — Howevei simple the theoiy of the lever the 
te ther mil hud i. nsiderabie priotical difficulty m explaining it to the 
entire cumpiehenaion ot hia scholars It will therefore be necessaiy to 
piesent expeiiraeuts in then moat varied applications 

The apparatus figs 93 and 94 is well calculated for illustrating tht 

Ftg J4 
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laws of the lever it la constructed entirely of haul ncod with the ex 
ception of some small pieces The post is fi'ced in the middle of the 
base BA which stands on levehng screws and behind it the npiight 
boail MN 1/JVhas thiee slits D D D m which to tjsten pull ys \. 
biass plate a is sciewed Id the top of the post C its cheeks are notuhel 
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to receive the axis of the lever. This is a wooden bar turning ou a steel 
axis perpendicular to its length ; a piece of stout knitting-needle will 
answer for this purpose. The axis should be driven in a little above the 
center of gravity. Along the bar, at distances of an inch, are next to be 
inserted short pins of rather thinner wire, all to be in the longitudmal 
axis of the bar and fitted in as truly perpendicular to its vertical plane as 
possible. To each pin is to be attached a stirrup of brass wire, as shown 
in fig. 95. These stirrups are made of hard, drawn wire, so as to have 
some elasticity; they should be all of eqnal length and capable of being 
detached, so as to be replaced with the bend above the bar. The pins, 
with their stirrups, are numbered from the center. The brass balls m m 
moving on close-threaded screws at each end of the bar serve to balance it. 
To bring forces to act obliquely upon the lever, we make use of a pulley 
n placed ia one of the two slits, D D, and with ita plane parallel to MN. 
This is shown of natural size in fig. 96; it is made of boxwood or brass, 
and has a steel axis turned at 
£^3- 95- Fig. 96. ^ tijg g^j^g tinje ^^^^ jhe pin 

M r 00. which a screw is cut, 
, I, I || Icivino a &p^ce as long as 

'f? tCtttTJ^^fi E-ijI lite *'^ thicknras of the pulley 
Tl 1 II eubiacod between R 
■\ d the convex bead S, so as 
VI °^ 1 3 have an easy m tion. Over 

^^ th s pnllfy 13 passed a string 

attached at one end to any stirrup and to a weight Q at the other. 
We can then asi-ertam by direct meaauiempnt the distance a c of the 
duection dc in which this weight now acts on the levei ao is, how- 
ever inconvenient to measure If the uiper edge of the slit D is 
distant from the middle of the lever when in e iniiibrinm by a whole 
number of inches (about three inches m fie; 93 ) anl provided with a 
graduation corresponding with that of the lever the tnangles acd and 
d e f will be similar and fiom d J d e and arf we can find the dis- 
tance a a; de h easily measured. If, in the present case, df^ 3, a d^b, 

de = U, thou a c =-_ -..^= H. If now a direct acting weight be 
de 1. 

attached to the left, at a distance, T = _ the weights would be inversely 

T 
as the distances, or Q : P = 49 ; 30, a proportion which, like any other, 
is easily constructed by means of coins. 

To malve a lever of the second or third class, a pulley is placed in the 
upper slit, and one of the stirrups turned upward ; the attached weight 
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acra 0761" the pulley, and the other weight acts directly at the required 
distance. To adjust the upper pulley with sufficient esactuess for the 
purpose, its slit has a graduatiou eorrespondiog to that of the lever. 

The axis of the lever itself may be held in a stirrup, and the action of 
the two lateral forces balanced by a middle force for the purpose of show- 
ing what the fulcrum at a has to perform, and in. general to exhibit the 
law of equilibrium of three forces, whose ceutei's of action are connected 
by a straight line. 

A simpler aud very useful arrangement for illustrating the laws of the 
lever, is given in fig. 97- It needs no further description. Bach of the 
levers may be used alone or in combination with others. Smooth holes 
are bored in the levers and the stand, and pieces of smooth wire serve as 
fulerams and snpports for the brass stirrups which support the little 
hooks. To use them as one-armed levers, they are balauced by the 
weights aa lo use a smgle one as a oni, a med kve the upper bar is 
pissel thiongh both suppoits an 1 pulieva attai,hed to it for tho weights 
which aie t wt u[ wild 

Ftj 97 




The ananoement m fig 98 is stil! simplei The lever A B tnrns on a 
steel wire, and simdar wire suj pDrt the stiirups of the we ghfcs vhere 
they are reqaired. The pulley C ouses the weights t> act upwai-d. 

If satisfied with the simplest aiiangement we may attach the tever to 
a hook, by means of a somewhat longer sturup of brass wire; in this 
case, however, only forces acting direetlj ctn be employed We may also 
furnish any steelyard with a graduation on its shoit arm corresponding to 
that on the long, and thns explain the law of the levei, though less com- 
prehensively. 
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[GO] Tho Whcol and axle.— Au iron axis is passed (IifoukIi * 
Kiiitiihle |iieeo of Imvd wooil niul lioHi turned off togeUiev, so Uiut ilii 



A ^SSJ-^rr-r-- 



W^fmi...^m 




^"ll^ ^ <,,.! 1 u In . iniiiiliu of suarssivc tHsUs, 

Willi (liuiiikJ iiiij[)oitKmctt to oacli other, as 
1, 2, i ole , (ig 89 Kach disk hai two Jtins, 
dinmctrRally ojipositc to each oilier, to atlneh 
thrcRtIs Thtsf chsk? nro siippoitet! by two 
equal strips of lirii'-s, wludi are wiewed to ii 
boasd 

Foi Uiotiiilht! cliKidntioii of tins subject, it 
would be well to have a simple wooden axle 
H'itli iron Kwdgeons, on whicli may be placed u 
winch or a wheel of tho anmi' radius, to explain 
the action of the winch. These gudgeons must 
also bo turned off with tlio axe;;, and iDsl iu 
jfi'oniKl lir^iss lioxos, 'I'ho action of weight^ in difforent positions of tho 
traiik may readily he shown. 

After having thus explained tho knec,,tho pulley, tho lover, wheel and 
iisle.jSnd crank, we inay next proceed to ihe consideration of some com- 
pound macUinoH, 

For this poirposc, models will likewise be needed, altliongh the esperi- 
inents will bo no longer conducted with weights. Among these llic 
common carter's jack occupies & ))Fominent place. Instead of con- 
Kiructing a model of this, it will he well to prociiro a good jack of 
tliG smallest size, and citltcr cut through tho plate which covera the 
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wheels, or, if this cannot be dDie lave the plate aiiiii?ed t acipw 
on, instead of being metod A jack of this kiul mij be u el fot uther 
pnrposes, and costs no moie than a mxlel 

The tripod with a windlass 
shown in 6g. 100, is ei^ly 
constracted in model and la 
the better suited for lUuatia 
tioa of a corapouud machine 
as the tripod is so fieqaenth 
used with or without the 
windlass. It depends on the 
design of the iustruction huw 
mneh shonkl be done in the 
way of collecting models, but 
it is desirable to have so fai 
as possible, leal v, orkintf mo 
dels of toleiable size foi the 
sake of exhibiting the actual 
operation of machines 

[61] Center of grav- 
ity. — For illustrating the law 
of the center of giavity in 
surfaces, a triangle may be 
made of very even wood ma 
hogany or ebony, about a line in thieknes and the (.entti of p,ra¥ity 
fonnd on it by construction If a hole be boied fioni the othei side mere 
than half way through the rest pieiced with a fine needle so that it can 
be suspended by a tluead as in hg 101 it will be so 
nearly balanced that a little was will easilj adjust it. It 
should be made of nniform thickness. In the same way 
the center of gravity of a square or polygon may be 
constructed by combining the centers of gravity of the 
separate triangles which compose them. , 

[62] The equilibrium of suspended bodies ismost stable. 
When the mass of a body can be so distributed as to be suspended without 
appearing to be so, various curious experiments may be exhibited. Thns 
on the point of a pyramid, A, fig. 103, is a slightly concave metal plate. 
A piece of wood B, with a bent wire Jf JV passed through it, having a lead 
ball at each eud and provided with a steel pivot, is set in this concavity. 
The whole system will be suspended when the two balls lie below the 
pivot. For the block B may be substituted a small figure made of light 




Fis 101 
^ 
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material resting on one toe, and holding the wire MNia its liands iilie a 
rope-daiicer. Sucla an apparatus will always maintaia its equilibrium, 
however much it may oscillate or rotate. 

[63] The cone wllicll runs up lull.— Malte a double cone of 
wood, fig. 103, of 5 to 10 inches in length and 2 to 4 in thickness, with a 
knob at each end. Next procure two bars, like m n op, fig. lOi, beveled 
Fig. 102. Fig. 103. 




at the upper edge m n, wMch inclines to op m u i i m nim i that the 
axis of the double cone, when laid on the highest put at ?; hg 100 lies 
somewhat lower than when the common bise lests on the lowest porat 
at m. The two boards are united at m by a hmge and separated enough 
to let the apices of the cones rest in tlie notch at n. On placmg the 
cone at m, it will run toward n, and come to rest in tlie notch. 

[64] The Chinese tumbler.— This may be bought at any of the 
toy-shops. When the stair is erected, the tumbler is to be bent together 
with its back downward, as if resting on the hands and feet ; place it, 
however, only on its hands, and it will turn several somersets before 
reaching the bottom. If the toy does not work well, it should not 
be bought at any price, for its adjustment will involve mucli time and 
trouble. 

[65] Stable equilibrium. — The apparatus shown in figs. 105 and 
106 is very well adapted to illustrate the laws of stable equilibrium. The 
board MN with adjusting screws carries a square iron bar B, on which 
the slide a b with the pulley c moves up and down. This can be fixed at 
any height by means of a screw d. In the middle, directly across the 
board, is fixed the thiu brass strip m in. Make an accurately perpendicn- 
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tion of the center of gravity from 
ttat edge over which the prism 
will be thrnwn, the distance of 
the point of attachment from tlio 
same edge, and the entire weight 
of the body f\irnish the elements 
from which we can calculate the 
weight which must be attached 
to the string in order to over- 
throw the body in any of the 
four positions in which it can be jjlaceil, with the string attached to 
either of the six hooks. The weight of the body is marked on it, and 
the distanres j-s, s( measured and marked, assuming the interval between 
the hooks as unity. The weight calculated fur each hook should be 
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marked beside it. Tho stand of fig. 6T will serve for this arrangement, 
after removing tho lever and knee. 

[66] The balance. — The dependence of the delicacy of a balance 

on the position of ita center of gravitj can be shown, as suggested by 

■a- 2Q4 Greiss, veiy simply as repre- 

s cl nfi„ lUT Two half 

k t g neell s and one 

ho e one are tl rust through 

1 eo k at r ght angles to each 

oth r and tl e apparatus sup- 

cd on t o vineglasses, 

o t a t e Tvliole needle 

rei ese !e learn of the 

Ian e and one of the halves 

the tong e Bj [ ashing the 

htter 1 or dow the center 

and ts effect on t e equilibrium 

[6 ] Management of the balance —T o^1lances are needed; 
a del ^te oefo a uaeepe ments (as n pec flc gravity,) and a 
good common instrument, for miscellaneoos purposes. In case of neces- 
sity, the latter maybe used for specific gravity experiments, provided they 
s the better kinds used in the shops. 
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opening a door in the case. The equality of the arms 


may be ascertained 



by loading the pans nearly to their limit, and balancing and then trans- 
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posing the pans, which shouM still balance eacli other. This may not 
occar, however, with matliematical aecnracy iu very delicate balances, 
and therefore when very accurate determinations are to be made, recourse 
must be had to the method of double weighing. It will be readily under- 
stood that in such a baJance, the edges must be parallel with each other, 
sharp, and in the same plane. 

The balance must have a firm resting-place in a good light where it 
can remain undisturbed. If it become ncessary to move it, the Itnife 
edges should be lifted from the bearings, for these parts are easily injured 
by shaking. 

[68] In weighing, it is more expeditions to try the weights in regular 
succession, beginning at the larger, and omitting none, for one is very apt 
to underestimate the weight, and have to go back again. The balance 
should not be raised to its full height until equilibrium is so nearly 
secured, that neither scale touches the bottom. It is only by the most 
cautions handling that such an instrument can be kept in order. 

It will not be necessary to wait for the balance to come entirely to rest, 
as the index moves along a graduated arc, and a comparison of the 
amount of motion to either side of the zero will indicate the fact even 
better than when all is in equilibrium. This, however, soon occurs in 
specific gravity experiments, when the body to be weighed is suspended 
in water, on account of the greater resistance of this element. 

[69] For the comvion balance, one should be selected carrying 5 to 
10 lbs., and of sufficient delicacy to turn, when not loaded heavily, with 
^g^D, (1 decigram;) in this way the finer instrument may be much re- 
lieved. It should be suspended in some convenient accessible place, where 
there should be two hooks, one to support the scales when in use, the 
other lower down, and allowing the pans to rest on a base. There 
should also be a point of suspension for this balance over the exper- 
imenting table, as it will often be needed here. If this balance be the 
only one procured, and with the above-mentioned degree of sensibOity 
it will serve for purposes of demonstration, it will be necessary to have 
a pair of flat scale-pans to be used among other purposes for specific 
gravity determinations. The instrument must be subjected to all the 
testa to insure accuracy, as this will frequently be found wanting. Be- 
sides seeing to the equality of the arms, the three knife edges must be 
tested to see if they are in the same straight line. If the construction 
of the l>alaDce will allow it, this latter point may be ascertained by means 
of a fine, smooth thread attached to a bow j if this test cannot be applied, 
then recourse must be had to weighing. The sensibility mnst not decrease 
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. most cases of this kind be found best to purchase a new one. 



[TO.] Weights. — It will be advisable for the experimenter to have 
weights of several different denominations, as troy, avoirdupois, and 
apothecaries' weights, together with those of the new French standard. 
The latter should be obtained from some reliable workman ; for making 
decimal weights is a very tedious operation without a standard weight. 
Even with the indibpensable precaution of laying each weight in its proper 
division m the case as soon as it is taken from the scale-pan, one of the 
sraallei weights will occasionally be lost in some way. It is well there- 
foie to make dnphcates of these ont of thin silver or platina plate. The 
cost of such plate is inconsiderable, A convenient mode of constructing 
these is to cut out a small rectangular piece and regulate it carefully to 
the weight of a grain or decigram. Then with the dividers lay off aliquot 
parts of the length and cut it with a sharp knife and a metallic ruler into 
bits of 5, i, 3, 2 and 1 milligrammes. The accuracy of the several pieces 
may then be tested by the balance. Chemists often possess scales sensitive 
to yij of a milligramme, and access to such should be made use of for 
purposes of comparison and rectification. 
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[71] The Steelyard, — A. steelyard willbs necessary only to explain 
the mode of its use ; it ia to bo testod before purchasing by trial with known 
weights. 

F'ig. 108. 




[72] Counter scales or platform scales.— The construction 

of these scales can be readily explained, and should by no means be omitted 
on account of the almost nniversal use into which they have come. The 
mala point in testing them is to ascertain whether the decimal relation is 
maintained with different weights when placed on any given part of the 
bridge. Their sensibility rarely exceeds is^j-as' A convenient form for 
demonstration will be found in one carrying about 50 lbs., the bridge or 
platform of which consists of two pieces hinged to a frame, which, when 
closed, entirely fill up the frame, and when opened and turned back, 
expose the lower lever to view. 

[73] Elasticity. — The elasticity of ivory is shown by dropping a 
small ball on a marble slab. If the slab be breathed upon, the ball will 
make a spot the size of which is proportioned to the height of the fall. 
The spot is seen bost in an oblique light. Blackening the slab with lamp- 
black makes the spot more distinct. The slab should be leveled by wedges 
to avoid having the ball rebound obliquely. It will be bost to catch the 
ball as it rises in the air. 

Any piece of marble slab will answer for the preceding experiment, 
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aftei t ha 1 pen li I >< ^i e It will I p bs t to ]ia\e j, w joden case 
i^ith J ojectu g edgea made to fit the raail le llie ca e i laid down, 
bottom nj war 1 and the maible laid m it Tlie remaining S[ ace is filled 
with piepaiel pla&tei of Paris mixed to a thin paste wh ch when qnite 
hard si on Id be leveled iff and the wooden bottom bcie^ved on to the 
fiame U-ypiu o oi plaster of Pans (sulphate of lime ) is prepared for 
this and othei purposes by tahmg it in impalpa- 
ble povider as giounl at plaster mills and put- 
^f^^ "~*'-»a,^ ^^^ * Convenient poition dry into an iron pot 
UlitiinFii. ~~->-— „*»iBii *^™'' ^'^^ ^""^ After a 'ihort time an apparent 

nliililiiin^niiili ^'>°"'*^'"° ^'^' ^"^^ p''^''^ ^^ '^^ '^'j' v^''^^^^ 

^^^IMI 1 HbIP^^ owing to the disengagement of the water of 
^^""iP*^ cry&tiUization The mass should be stirred con- 

tinually until the bnl bling ceases thpn removed and allowed to cool. 
Unhoiied plastei uill set or h'iicien by mixing with a snlutioa of car- 
bonate of potash although not so perfectly as when boiled 

To this experiment we can reveit aftei the laws of fallint, bodies have 
been explained ; and from the height of the rehonnd, the elasticity of the 
ball may be calculated. 

The elasticity of well annealed glass is shown by 



Fi^. 110. Fiq 111 Fiq 112 




; 110 

Wkll 18 b 

rattling i 
into A 



he glass irumpet, 
lose thin anterior 
t outward with a 
nnd when blown 
bunch of glass 



LI thieada serves a similar pur- 
I pose as also a glass tube cut 
7 into a spiral. See §11. 

Tht. Bologna fiasks, fig. 
112 aie made of unannoaled 
glass, and break to pieces 
when an angular pebble is 
dropped into them although they will bear the stroke of a hammer on 
the outside Teasels \erf similar to these are sold for taking specimens 
of spints from cask'! , they have the same shape, but may be distingniahed 
from the Bologna flasks by having the neck ground even, fig. 111. They 
are partially annealed, and do not answer at all for this experiment. 

The experiment with the glass tears, or Prince Rupert's drops, (made 
by dropping melted glass into water,) is best tried by wrapping them in 
paper and then breaking off the fine point. In this way the fine sand 
into which the drop falls will all be retained in the paper, and the danger 
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of injuiy by tiie flying about of the particles avoided. These drops, when 
broken in a tumbler of water, nsually break the glass with tbe violence 
of the shocli. 

[T4] The torsion elasticity of hard wires is showD by fastening a 
piece 2 or 3 feet long to a weight of several pounds, and suspending it 
by the other end in a hand-vice. When the weight is twisted out of its 
place of rest, it will gradually return to it. 

[15] Cohesion, — Experiments in cohesion are not often undertaken 




t p f t n a'f they consume a great deal of ji^f/. 114. 

m 1 tl t t t lepetition.lead to no resnlt. The 

fact f 1 t howe\er needs no ven liboicl 

d ra t t A ngement hkp that shown in fig 113 

m y as ly I t t 1 (with wooden base ) in which by 

m f 1 1 ght of some 50 lbs parallelopipeds 

f d m J 1 t part The latter are shown on a 

1 g 1 fig 114 they should be faced with hiidei 

w d tth t mt The distance between the two hjles 

m t b h th t ft the wood has been fastened bctvveen 
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the lever and tlie base by means of bolts, as showE in 
will occupy a horizontal position. 

[T6] Adhesion is sbown (l) by means of ground plates 
Fi'j. 115. of glass or metaJ; (2) by pieces of leaf! pressed together; 
^^^ (3) by Mnschenbroeck's cohesion plat«s; (i) by glass and other 
^W plates on mercury and water; (5) by the Seoteli waltzer. 

1. Plate glass is cnt into round or octagonal pieces, and the 
edges ground off on a grindstone ; wooden handles are then attached by 
means of sealing-wax. The plates must be gently heated until the wax 
will melt on them. Pieces of broken mirror will answer for this pur- 
pose their c hesion howevei shouHbe tebteJ befoie gomg to the trouble 
of fitting u[ Metal plates after having been tuined as tine as pooaible 
must be giound down This must be done with eath singly upon i per 
fectlj true iiDnjlate or a piece of minor glas'! with sand and water and 
hnally with hne emeiy The plites must then be ^lounl on e'wh othei 
with povdeied pimice and oil These plates require much labor for 
even those pnicha'ied at the shops are often \6ry defectiTC 

2 Tfto cylindeis of lead abont 4 inch in diametei and length aie 
raoothed Sist with the file an 1 then with the penknife on pressing them 
togethei m a vice tl ey idhe e hD closely as to be separated with great 
difiiculty 

idhesi n plitcb aie tieated like those menticued 
in the fiist iliu^tiation to unite them they are 
lirat heated an 1 then coated with tallow 
ftei which they must be pies&ed togethei in a 
vice and allowed to cool They will then sus 
tain I robibly as much as oO lbs befoie sepatat 
mg See fig 116 

With both kinds of adhesion plates the ex- 
periment may be tried under the receiver of an 
air-pump, to show that atmospheric pressure is 
not the agent mvoived in the case To do this 
satistactniily honevei an airangemeut similar 
to that in fig 111 mil be necessary This con- 
sists of a board with three biass rods combined 
at top and «tt their point of union uariying a 
hsok tor suspending the plates The size of 
the bdie will depend on that of the leceiver 
and ail pump plate The weight should not 
hing high abnvf the boiid 

4 Thi'- t^peiiment li best piopaied m the 
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foUuttiife maiDPr T i glias oi bios'! disk is attiuliBl i piece of pal 
ing ya,\ as 1 ag as the finger and to this a stnng Ibe scale pin of a 
common balance is replaced b> th a dial hun^ so a« just to reach the 
SQiface of the ivatei m a cup belo \ Ihe sealing vax 11 now slightly 
softened thioughoat by veiy gentle and i, d3ui1 heat and the plate 
all Ted to reit on the water a small weight la placed m the opposite 
scale pan Ihe adhesion of the water holds the plite and the weight 
diawa thp seahng wax untd it becomes peipenliculai tj the plane of the 
plate It will be leadilj undetstood that the phte mnst not be allovi ed 
to toich the sides ot the cup As the wts stietche one or more knots 
aie subsequenth made on the stung until the balance agam has the hoii 
zontal position 

In the expeuraent the freely suspended plate is fii t brought into 
equilibiium bj giains of shot before setting the cup of meitury 01 witer 
under it Py the gralua! addition of weight the plate lestmg on the 
hqnid la torn off The plate must be earefuUj cleanse 1 which is best 
effectei by vashmg Tvith alcshol inl the surface of the mercury in par 
ticulai must be fiee f om dust 1 01 this pnipose it is to be hitered 
thiough 1 paper cone set la a gla&s iunnel The nfeiioi apet of the 
cone la cit off ai as to illow the meicnij to is-iue in an exceedingly fine 
stream The t,labs plate is first laid obliquelj on the mercury and then 
gradialli biought to fnll coincidence with the saiface to eipel all an 
bubbles The same preciutions aie necessary in nsing watei with the 
exception of the filteiing 

5 The & otch waltaer consists of a figure cemented to a convex lens 
or watch glass The glass la pkoed on a glass plate ot poicehm tablet 
and a diop of Mater put betneen the £,la'is and tablet on inclining 
the lattei slightly the glass with the figure tnrna half aronnd an 1 by sue 
ceshively lucliiiing the glasa to diffeient siles the figuie may be male to 
keep up a constant and pietty lapid lotation Conaideial le piact ce is 
necesaii> to mike this experiment snccesalully 

As it often becomes necessary to pour out of vessels filled nith liquid 
it may be well to mention hete that the liqad is pievented fijm running 
down the s de of the vessel by fiiat moistening a gliss 1 id with the liquid 
and then holding it m a veitical position against the side of the vessel to 
be emptied ; the liquid will follow the rod. 

{b.) EXPERIMENTS TTPOS LlftUIDS. 
[11] Uniform transmission of pressure.— The fundamental 

law of hydrostatics, that of the uniform transmission of pressure, may 
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be readily sliown by the foltoivin^ appaialus This ilhiiti ttes also the 
application of the law in Bramah's press ind save an expensive model 
of this instrument It is shown in plan and section in liga 118 and 119, 
of ^ the natural oizi 

Ft^ 118 
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In the table MN is inserted the iron plate a a, on whick are the two 
eylindera AB oi gnn metai ; A is oxaetly 6 times the diameter of B, and 
the two are connected by the tube C with its cock B. In each cylinder 
is a metal piston, of which the larger is hollow and open aboTe; these 
are ground so accurately that the larger, when set into rotation, will turn 
round several times freely in the cylinder, and yet fit air tight; they mnst 
not be greased, but before each experiraeat the cylinders and pistons 
must be wiped clean with linen to remove the dust. The pistons are con- 
nected with the levers (? if by the jointed rods E F; these levers are of 
equal length and hinged to the cross-pieee 7 carried by the iron column K, 
which again rests on the semicircular iron arch L springing over the tube 
C; the arch is fastened down to the base by the two plates b b. All the 
joints are well fitted and ground with emery, so as to have an easy and 
yet steady movement. Underneath the small cylinder S is fixed the suc- 
tion tube with the valve-piece p screwed to it ; the valve can be opened 
from without by the rod c. On the base plate are also the four columns 
dddd eaiTying the cross-plate if; they, as well as B, may be of wood; 
in this case they are bored throngh and an iron rod introduced, which, 
by means of the nuts ee e, holds the plate R to the base plate. 

In using the apparatus, a suitable water-vessel is placed beneath the 
table, the pistons removed, and the cylinders connected by the cock and 
fiUed up to the small openings// with water, (/ on the smaller cylinder 
can be closed with an iron pin.) In replacing the pistons, the air escapes 
through/, and after the levers are at^usted the valve is raised far enough 
by hand or by a wire to allow water to escape until both levers are hori- 
zontal. Water may be drawn up from the subjacent vessel by raising the 
piston above the opening /, To remove the aii- entirely, water is pumped 
up by the smaller cylinder until it appears at/, when the lever ia rendered 
horizontal by opening the valve. At the outset, the tare of each lever, 
with its piston, is estimated by suspension from a common balance at the 
points ^3', and the weight calculated which must be laid on the 
lever of the larger piston to resist of itself the pressure of the ^' 
smaller. In this tare is included for each lever a hook, as in O 
fig. 120, with a small scale-pan. After restoring equiiibrinm | 
in this way, each addition of weight to the small piston will | 
require S6 times as much on the large piston, since the two |' 
levers have the same proportion. In this way the uniform I 
transmission of pressure by weight can be very readily shown. 

If now the cock D be closed and the small piston with its lever 
removed, the opening / of the cylinder B closed, and the glass tube 
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BS. fig. 131, ivitli ite brass cap S, screwed to the small uTlinder, then 
this can he Qlled to any desired height aboTe the suiface of tiie water in 
the large cylinder; these heights are marked from 1 to 3 
Fig. 131. feet un the tube. By ealcRlating the weight of a column of 
water of the same height and of the diameter of the cylinder 
A, and deducting the tare, we shall know what weight 
according to the leverage is to be applied to the large jiis- 
ton to hold the water in the small tnbe in eqnilifarinm after 
opeoing the cock D. AM the'ic calculations are c&sy, 
as the diameter of the Urger piston is 3 inches, of the 
smaller 0-5 

Again ; close D, and, by raising the valve 0. let the 
water run out uf the small cylinder to be- 
low /, replace the piston and levev anil -''''' -^-- 
remo^e the lever H and the rod F; a , — . 

bloLk of beechwood, fig. 123, which fits I 
well on the sides and bottom of the pis- 
ton, may then bo set on the piston of the 
large cylinder, and any object to he pressed 
be introduced between it and the cross- 
beam S. By properly working the cock I) and the leiei 
G, more wat«r can be pumped into the larger cylinder, and 
the application of the law of uniform transmission of pres- 
sure to the hydraulic press be tlius demonstrated 

With such a model, a pressure of some hundred weight 
may be exerted without injury; indeed that of 10, OHO lbs. 
might be applied, but for the danger of bending the iron 
base plate, by which the pistons might lose their easy vyork- 
ing. In the demonstration, the amount of the pressure 
actually exerted is indifferent, its relation to the pressure ia 
B being alone important ; hence it will be well as soon as A 
actually exerts a pressure, to replace the hand on the lever 
G by a corresponding weight 
The apparatus ia emptied after use, by opening the valve c* 
The simplest form of apparatus for this experiment is a strong tin ves- 



jl 



*■ Link, instrument-maker to the University of Proiburg, makes this apparatas 
very liEuideoraely for about 50 florins, ($20;) wliereas a model of a byclrosfalic 
press costs from $10 to $80, and cannot be used for general demon alr.it ion of the 
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! m } ) b th I t 
t d f tl 1 t I 

hi mybrnd th 
d I 1 t 1 1 1 th 
[lb] The anatomical siphon,— Pro 

cure a tin vessel, fig. 124, consisting' of two 
parts, A and B, the former with a rather stout 
rim. Into the narrow log is cemented a glass 
tube of any length ; over the larger is tied a 
piece of fresh hog's bladder, after being filled 
with water to the brim. Care mast be taken 
to have no air between the bladder and the 
water. Should the bladder be sunken in, water 
mnst be poured into the other leg, until it is 
raised up, after which it must be drawn tightly 
round the edge of the vessel, under several 
tarns of thread, and then tied down securely. 
On filling the narrow tube with water, the 
bladder will be stretched, and driven upward, 
so as to show the muscular fibers crossing each 
oth By 1 Y n a 1 a d upon the bladdei, a 
w ht an b nj d, corresponding to a 
1 mn f th h ht f the nater in B and 
th 1 a t f -i piercing the bladder 
w th dl th 11 t will escape although 

11 corresponding to the 

th opening beint, too 
mall 

[t9] The hydrostatic bellows i-^ | 

however, a much more convenient apptiatus 

Two circular boards of hard wood e 

nected by a strip of good, strong leather, 5 inches broad, fig. 125. 
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upper boai-d, near the edge, ia pioiided with i mniLil apeituie t j ii;ceive 

a brass screw, fig. 126. Tlie boaids aie fli-stwell painted and the leather 

stretched tightly ovei them seemed m pobitioii hj i few 

Mg. 136. tacks. At the seam which is turned inward thevood 

is cut out a little and la the joint is phced a mixtate 

of wax and laid with which well huated the leather 

a,lso ia saturated Stiips of leather of width equal to 

the thickness of the boaidi aic now bound louud them, 

and oyer the other leather, by means of a double row 

of nails, driven close together, The brass screw, flg. 

1 3G, is now screwed into the top board. The bellows are 

filled with water, through the hole in the screw, into 

1 a glass tube, as represented in fig. 121 ; any weight may 

ow be placed on the top board, and from the height to which the water 

ises in the tube, and the diameter of the base, we may ealcnlate the 

weight. The weight applied mast be equal to that of a column of water, 

with a diameter equal to that of the bottom. 

Fig. 127. and a height equal to the distance which the 

\\ ater rises in the tube. 

[80] Pressure upon the base.— Be- 
sides the apparatus of Haldat, that of Pascal 
' ^-i-^Ff^tfM" ii"^y be recommended, as affording the oppor- 
'^^_\'?Sa^B tunity of measuring the pressure directly by 
n eights. The foUowiug is a convenient form 
for its arrangement : — 

ABC, fig. 131, is a triangular board, with 
leveling screws, on which stands the metal 
cylinder D, flg. 138. This is smoothly bored, 
and contains a piston E, Cttiug water tight, and 
of such thickness as to go entirely below the 
cock F. Ill the bottom of the cylinder is an 
opening for the admission of air, as otherwise 
the piston would not be movable. The piston 
has a hook tu allow of its being attached by a 
wirp to one side of a pair of scales, white the 
apparatus stands on the experimenting table. 
The glass vessels H H, iigs. ]2S, 129, and 130, 
of various forms, but of nearly equal height, 
may bo screwed on the cylinder B, by means 
of the brass fittings, y g g. An equal height 
above the base is marked on each. 
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Fig. 129. 
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III using the iipparatufi, the piston E is first sas] o 
balance Ijy its wire for the purpose of taring it; it 
to its place and the cylindrical Tea- 
sel H screwed on, the piston again 
attached to the balance, and the 
board ABC arranged directly 
under the hook. The wire must 
lie long enough to allow the bal- 
ance to stand horiaontallj, when 
the piston is abo^a the cock F. 
Water is now poured in up to the 
mark, and in the opposite scale of 
the balance enough weight added 
to preserve equilibrium. If desir- 
able, wfi may note the weight at 
which the piston begins to sink, aud that at rthich it corauieuces to rise 
again, so as to obtain the mean, and to I'liminate the veij slight fiLction. 
The piston should not be greased, but fit tighly without, in any case, oil 
must be used and not lard. The wire is now unhooked, and the piston 
allowed to tink below the cock F, through w hich the watei escapes The 
same weight which was necessary for the cylinder of auifoim diameter 
will also maintain equilibrium when any othei vessel, as H, is employed. 
No experiment for estimating friction can be made with these yessels, as 
the height of the column of 3uid varies «ith the motion of the piston. 
"We may also calculate beforehand the required connteipoise from the 
diameter of the base and the Jmown depth of the piston below the mark, 
" If the one vessel be actually of equal size 
it may be poured into the opposite scale 
to show that the pressure on the bottom 
is really equal to the weight of the mass 
of water which was in the cylinder. In 
this case, however, we must not overlook 
the weight of the other pan which is 
attached in order to hold the water. 

ffaldat's apparatus depends upon the 
law of the equilibrium of various liquids 
in communicating vessels, and there- 
fore only admits of an indirect esti- 
mation of the pressure on the bottom. 

It is represented in fig. 131. In a box of tin is fisteied the bent ^ 
tube « 6 e, which, on the one side, projects above the bax an 1 on 



Tilth the cyhndei, the « 
Mg. 131, 
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Fig 132 



othfi ends in an nun cap with a stopcock r. Ttie tube is filled with 
mercmy nearly up to the cock On the iron cap can be screwed the 
cylindiical vessel d which i-, filled with water, and the height to which 
the meicnry i'< driven in tlie other leg indicated by the slide p. If 
other veasela than d be screwfd on and filled with water up to the 
same heitfht the mercurv will alivays rise as before to the point p. 

Since tht vessel? which are attached instead of d, are never high, and 
the meicury cannot be laised abovp the cock, it is well to ponr a little 
colored water in the tnbe n as an index. 

[81] The upward pressure of water.— in this experiment, 

we may make use of the glass chimney of a lamp, fig. 132. 

The lower edge is ground even and finished with fine emery. 

I or the bottom we may take a piece of plate glass t, which 

is cut round and then ground even on another plate with 

emeiy; a string is cemented to it with sealing-wax. The 

string is easily torn o£f from this glass plate ; it is there- 

foie better to make it of brass. A rounded brass plat« is 

cembuted to a piece of wood turned ronnd and even, and 

then ground plane. When this is done, a hole is bored 

througli the middle, a screw cut, and a 

liook inserted. The hook, in place of being 

screwed in, may be riveted. 

In using the apparatus, no grease must 
bp allowed between the plate and the edge 
of the glass cylinder, as this would prevent 
the plate from dropping off from the tube 
when drawn gradually out of the water ; 
and also when water is poured into it, 
unless the water was raised higher within 
than without To make the apparatus 
neater and more durable, it should be fur- 
nished with brass monctings, tf 'ieen in 
fig. 13o, which shows also the mode of 
making the experiment * 

[B2] Communicating vessels.— 

Two glass tabes of difi'erent diameters (the 

* All Wiese esperimenta actually icdicata one and the same law. Every teacher 
■will, however, have already learned how difficult it is to conTey to scholars eo 
clear an Idea of the pressure of waler na to enable them to apply it to all cases- 
It is therefore not at all superauous to iUualrate the law bj the most varied 
eiperiments. 
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■t) are rementeil into a Iii t uf tin a t 
ly and witei an airangeinuit 111 e that of 



Fig 134 



rig 136 




1 the uthei i 



least n3t mrro than 

fag 134 To employ 

fig 135 IS used The 

tube 13 about J inch 

in diametei The 

mercury i'! first m 

trodufed bv means 

of a funnel into the 

long le^ ■ind then 

the water The 

amount b} which the 

height ot mereury m 

one column esi-eeda that 

to the hPight of the olumn of witer 

inversely as the speeific gravitiea 

The experiment is alsi instiuctivo in 
another form imvhich a partial iaLUutn 
IS created simultaneou'ily in two tul ea 
connected together and standing in dif 
ferent hqunls The liquids wiil n^e t) 
a height inversely proportional to their 
specific gravitie'! The be&t way of 
maliini; the expeiiment is lecorcting to Mohr to past the ends of the 
tubes through a cork tied (fig 136) into the mouth of an mdia rubber 
bottle The bottle is pressed together with the hanl and retmning by 
its own elasticity sucks up the hfiuid A rude scale miy be maiked on 
the tubes with indian ink 

[83] Floating bodies — To demonstrate the law that the center 
of gravity of bodies immersed in water when t does not coincide with 
that of the witer displiced must he deeper than this a piece of lead 
may be ca^t in a cork and so adjusted that the specific gravity of the 
m-KS shall be equal to that of water This is easily attained, ))ut unless 
the cork selected be very free fiom cavities it will not long remain so 

To show that the cenfei of gravitj of a body floating on Tiatei does 
not necessinly lie deeper than that of the watei displaced but that its 
position at the same time will not be arliitiary we may make use of two 
elhptical rulleis one of them constructed of very light wood and the 
other of a coik ' to 3 inches in diameter ^ueh lollers are in stable 
equihVmam only when the short axis of the ell pse is veitical The place 
of the metacenttum ma\ also be marked upon the b'lse if it be 
expedient to go into such ramutiie 
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It miy readili bo sho *n by the following experiment, that under cer- 
I t i 1 es tlie centei of e ivity of floating bodies may be at rest 



r i lot 




tain L 

i two positions. A piece of thick 
biass wire or i cylmdei ot iead is m- 
ertei in a large cjik as shown of 
1 alf size in fi^ 131 bait waj between 
reiter and ciicumferem,e ind near 
the opi jsite side a thinner wue If 
it be righily airangei the cork may 
float with the Jargei wire upper- 
mo t ^ut wl en shaken veiy roughly, 
it mil turn oui If the thick wue be too heavy it may le remelied by 
cutting the coik and fiiin;. For the coik in kg 131 the large wire 
weighs 33 giammes and the imaller 10 grammes 

To sho y that t floating body sinks deep enougl to disj lace an amount 
of watei equal to its own weight take a tin yesael 2 oi 3 lu I es in 
diameter with a lateral outlet near the toj fill thi-i nith watei until it 
runs 01 er A floating Ijody of consilcrable size is then laid in the nater, 
and the amount displaced caught as it escapts liom the tube aid meas- 
ured or weighed this weight n 11 be found equal to that of the b dy as 
previousli a'; erta m 1 \. p cce of nood oi a p opeily loaled ^lass bulb 
Will 1 e best for tie floit dreit oaie reqiired m this expeiiraent 
E^i] Loss of weightinwatei — Thea!paratussho\umfig 138 
Fig. 138. 




is intended for the demonstration of this law. It Louai'^ts essentially of 
a hollow cylinder e, which can be suspended from a pin, and has beneath 
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a hock an whidi can be huiiff tlie lolid cylmdu /> httm^ evictly m t 
The two ejlmdeis aie now suapendel. on one ead of t balince ifter 
removing the 'icale pan and equilibiiuai lestorcii by raeins of weights 
A Teasel of water la next tel underneath m which the cjhnder p is 
entirely snbmerged, thf equilibrium will again be destioyed but restored 
by esactlv filhn^ (, with watei Thp vessels may be made by the tinner, 
but it will l^e best to construct them of briss and turn them so that p 
shall fit accurately in r 

A second veiy instructive expeiiment may bo made with the same 
appaiitus A sjlaas of water is balanced in one "ieale after the rjlmilei c 
has been sn^pended from the other On suspending p in the les'Jel of 
water bj means of a string held in the hand or attwhed to a btind equi 
hbnum wil! be disturbed «ind again lestored by filling c with water 

[8a] The Cartesian devil. — A glass bulb, ^ to ^ mch m diame- 
ter, with a little tube terminating in a fine aperture, 

illustrates the principle of this experiment much better '^' ' 

than the ordinary figures made of opaque, colored glass 
Both the bulb and figures are filled by gentle warm- 
ing with a spirit-lamp and subsequent immersion of the 
aperture in water. The bnlb should float near the siir 
face, and any excess of water may be removed In 
suction. When the bladder tied across the top ot tin 
vessel, flg. 139, is pressed upon, the bulb will sink, re- 
turning when the pressure is removed. When the 
apparatus is intended to be permanent, the water is 
mixed with alcohol, and the bladder replaced by indin- i 
rubber. 

[86] Determination of specific gravity, (a.) Witii the bal- 
ance. — The general mode of procedure is well known, and the precautions 
necessary in weighing will be found under the description of the balance. 
The finest possible wire mast be employed, and, if the weight of the body 
allow it, a human hair, with the oi! removed by lye. In either case, the 
weight of the wire or hair mnst be ascertained. An unavoidable error in 
this method lies in the fact that the loss of weight of the hair in water is 
ascribed to the body weighed. This eiTor may indeed be avoided by 
placing the body in question in a glass vessel with ground cover, as is 
done with powders which are to be determined. Ifevertheless, as the 
sensibility of every balance decreases with the load, the possible en'or of 
weighing thus becomes greater, and alone may exceed the slight loss of 
weight of the body. Thus a greater error will in general be incurred 
than the one intended to be avoided. 
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For pulverulent or soft organic substances, a small bottle nitli ground 
stopper must be used ; for larger massps of soft consistency, a scale-pan 
suspended by the finest thread, the absolute weight of which ^^p and its 
apeeifie grayity = s have been previously ascei'tained. If the weight of 
the body hep', and the los=! of weight of ths whole 'ivstem (!, the specific 

gravity of the body will be ,= — I^. 
sp' 
Bodies lighter than water are attached to a heavier body whose weight 
and specific gravity are known ; the loss of weight of the heavy body, 
subtracted from the loss of the whole system, gives the loss of the lighter 
body. 

For liquids we make use either of a glass vessel with ground cover, or, 
still better, of one with niirow neck and a thermometer tube ground in 
as a stopper In the fli't ciae the edge of the glass and the cover are 
ground with sanl and ^ater on a plane glass plate; wheii the sand 
baa t ywhe e uniformly levigated emeiv i-^ employed, and the two 
und nab ther If a stopper is t) be ground in, the neck of the 
gl m t fi t b ground roughly by means of a conical brass tap on a 
lath Tl la tube, drawn into a conical shape in the lamp flame, is 
th n f t 1 n a chuck on the lathe, and ground in the neck of the 
ve s 1 th and and emery. 

Th I tt 1 s is much more difScnlt than the former, lu any case 

tl vessel must be as light as possible. Tlie 

Fig. 140. weight of the vessel when empty, and also when ^ 'J- _ ^'■■ 

filled with water of a given mean temperature, 

60° F., are ascertained by repeated experi- 

. ments, and marked on a card attached to the 

I apparatus, or else scratched on the glass 

In the ease of liquids which evaporate leadili 
13 alcohol, the wide-monthed vessel is not a 
comenient one, as the liquid presses out between the vessel 
and the cover, and evaporates copiously over the large sur- 
face; in consequence, small hubbies form on the inner wait ot 
the vessel, and when the weighing is nearly completed addi- 
tional weight must be continually taken off. If a glass ves 
sel with narrow neck be not at hand, we may weigh some 
insoluble body in the liquid, and then in water, thus obtaining 
very accurate results. In this case, it will be best to use a 
massive piece of glass, or a glass bulb, an inch in diameter 
fig. 140, which, before sealing up, has been loaded with mer 
cury. Instead of a bnlb, a glass tube, fig. 141, 1^ to 3 inches 
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Jon^ anl ^ of ia inrh wiie may 1 e emplojed It shoull bi, suspendp 1 
by a very fine jlatma wire to adm t of the determination of a«ids Tiie 
weight of the bulb in a r ind in water of given temperature la ascertamed 
and marked down so as to render only a single weighing necessary It 
lb convenient to have a piece of lead which exactly balances the 1 alb in 
the air when this i3 immer'.ed m a liquid the weight pliced in the 
shorter w,ale pan gives directly the loss of n eight TJndei aU Lircum 
stances eare mast be taken that ao air bubbles adhere to the body 
iramer&ed Careful cleant.ing with alcohil if necessary and previous 
wetting in another vcbbcl of water aal passing a camels hair pei il ove 
the suiface f, ill generally secure the desire 1 
end The methol just described has the ad 
vanf'i-,e of reqmiing very 1 ttle ot the liquid 
which IS often de&irible Minute quantities 
may be weighed in a little pipette like fig 143 which ib filled bj uction 
A new pipette must be employed for every liEfereut hquid 

[STj {b) With Nicl Olsons areoneiei —In the airantemeut of this 
appar'itns it will be found eonTcnient it the sie' 
which bodies are placed in weighing can be auapenle 
verted in o dei to ad n t of bodies which are 1 ghter than, 
watei being plicel underneath this may be done m the 
form represented in fig li3 When it is intended not to 
use the areometer for liqai la t is made of thin briss plate 
a id a e mubt be taVeu to hive the bo ly conical at a other 
wise it will a nk too suddenly when over 
woij,hted. When the instrument has once sunk -^ J ^^^ 
to the pan & so as to wet it, it must be dried ; 
but to avoid this trouble, as well as to prevent 
the contact of the instrument with the sides of 
the glass, a wire fork, as in Eg. 144, is laid 
across the top of the vessel SO as to embrace 
the stem. 

The sensitiveness of the instrument depends 
upon the delicacy of the stem e ; to havo this 
therefore as thin as possible, it is constructed of hard, drawn brass wire, 
screwed into the body, and soldered with soft solder, to make an air- 
tight joint. The mark io the center of the stem is a fine file scratch, 
running entirely around, 

Body, pan, and sieve are made of equal width, so as to be kept in one 
paper case. The sieve and bulb are kept in a special division. The 
proportions of the instrument most be such that, when empty, it shall not 
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sink to the upper cone, and, when sunk to the mark, the hmit of stable equi- 
librium shall be nearly reached, so that the greatest capacity may be 
obtained in proportion to its dimensions With the dimensions jjiyen in 
the figure, this will be itta ned when the biasa naed does not wei{,li over 
0-5 gramme to the '.quare centimeter , it is reduced somewhat m thitkneas 
by finishing with pumice stone on the lathe A cheap snbstitute for tlie 
brass instmment miy be made of a medicine phial by filling the cjvity 
Fia 145 of the bottom partially with seahng wax and ii aeiting the 
stem in th s shot aie inclosed in the phial sufficient to 
cause it to float eteU though entirely lubmerged when 
weights are laid on the pan The cork is then pired off 
smooth and ccvered with sealinc; ^vax Fig 145 shows 
snch an areometer The substance to be weighed is laid in 
t!ie c ivity of the bottom 

For eicli instrument the weight lequirod to sink it to the 
maik at a given teraperttuie must be acourately ascertained 
and marked on it it will then be only nccessaiy for obtain- 
ing tlie weight of the body in in to drduct the additional 
weight required lo bung the stem down to the mark from llie ibove 
quantity. 

All these instruments are more or less inert i e with the same weight 
they remain at di&eront depths in the water The weight must therefore 
be so adjusted that the instinment shall oscillate to equal distances abote 
and below the mark Thia is easily done by gently laising ind sinking it. 
bpecial care mnst be taken to remoYc air bubbles from 
the holes of the sieve, w here they are veiy apt to adhere with 
great tenacity. 

To use the areometer for bodies lighter than water, the 
sieve is inverted, as in fig. 146, and the body placed under 
it. To use the instrument for liquids, weight the pan until 
it sinks in the mark to the test liquid. Its entire weight 
(when not loaded) and the tare ai-e marked on it. 

In all these experiments, observations of temperature, 
and the consequent corrections, are indispensable. For sim- 
ple instruction, however, this may be passed over, as the 
error arising from this omission cannot easily amount to a 
unit of the second place of decimals, and the coincidence 
of an experiment with a table of specific gravity is sufficient, 
if it reach to this place. 

[883 (<'-) 2^-^ graduated areometer. The volumetp.r. — 
To explain the theory of this instrument, take a thin glass tube of as 



Fig. 146. 
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uuiform diameter as possible, about 1 oentimeter in thickness and from 3 to 
4 decimeters in lengtli. Close it below, make the bottom evon, and widen 
the upper end slightly, to take off the sharpness. Place this in water, and 
load it with shot and some was, antil it swims yertically. Divide the re- 
maining space into two parts, a b, fig. 14T, and c d into 100 eqnal parts, to 
he laid off on a slip of paper, and continued OTcr the space a c. 
When the numbers are properly marked, cut away the lowest, y\ Fig. 147. 
or y^, and attach drops of sealing-wax to the four corners of 
the strip, which must be ahont half as broad as the circumfer- 
ence of the tube. The paper is now bent over a thermometer 
tube, and pushed into the tube until the hundredth division comes 
opposite to c; it is then attached, by gently warming the tube 
opposite to the corners of sealing-wax. A cork, previously 
coated with sealing-wax, is then placed in the aperture. The 
loading of the tube is so arranged that the scale sinks to the hun- 
dredth mark, wheniramersed in water at the temperature assumed. 
To obtain an extended range, it will bo accessary to have two 
instrnments, one for heavy, the other for light liquids. In the 
case of the volumeter for liquids heavier than water, the scale 
may be made directly ; for the lighter, however, it will be neces- 
sary to take a liquid whose density as determined by the balance 
13 b The point to which the volumeter sinks will then be 
1?^ and the interval between the water mark and the other is 
to be dividt-d into 25 parts and the remaining spate on the 
«arae leale Toleiably wide tubes are necessary m this mode 



of construction and the degrees obtained 
are short, they may be conveniently re 
piaued by nariow tubes aud largei divi 
lions , foi this however it will be neces 
sary to have a bulb at the lower end It 
Bill be found cheapest to purchase suuh 
instruments, they should neiertheless be 
tested before usmg them This is done 
by immersion in a liquid of knon n apecific 
gravity and obseiving — (]) whether it 
indicates the same specific gravity, (2) 
whether it sinks to the propei mark m 
pure water (3) whether the degrees are 
all equal In order tc be quite certain 
that the tube la everywhere of the same 
thickness it must be tested in several 
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liquids of kaowQ specific graYities. HoweTer simple, theoretically, the 
Tolumeter may be, it is DOt so ia practice, and can never como into 
exteasive use, as it always requires some calculation, even if quite simple, 
and promises no greater accuracy than the areometer, which is divided 
directly for specific gravity — only the accuracy of its graduation is more 
easily controlled. The following method is to be employed for areometers 
of unequal divisions. 

[89] Testing areometers, — The graduation is laid down on thick 
paper, on a somewhat larger scale than could possibly be used for an 
aroomet«r. On the entire scale is constructed an isosceles triangle, fig. 148 
and a straight line drawn from each division to the apes. To prove an 
areometer scale by this triangle, lay it upon the triangle parallel to the 
base, and at such a part that the extremities of the scale rest on the 
(wo sides of the triangle. If graduated properly, the division of the 
scale will also correspond to the lines of the triangle. It will be conve- 
nient to draw lines on the triangle, parallel to the base, at short in- 
tervals. Fig. 148 represents this for the alcoholometer of Tralles. 

Fig. 149. 




[90] The graduating apparatus.— i he graduation js e 

by instrument- makers on the same principle as that just stated, and it is 
easy to construct a more or less perfect instrument of this kind. On a 
solid, stoat plate of seasoned wood, M 2f, fig. 149, the wooden strip a b 
rotates on the pin a, having at the other end b the steel edge c d perpen- 
dicular to M N. The strip e / ia attached to the edge opposite a ; it 
has a slit in which a brass or iron bar can be fastened by two screws, g h. 
There are several similar strips having along their edge some one of the 
nsnal unequal graduations; one is divided into equal parts 

The ruling board A B can be slid on the plate M N, and under the 
strip a b; it is kept constantly parallel to e / by the two guidns 
m m. It n, and may be fixed at any point by the two screws, p q. Into 
this board is let the broad iron ruler I, which can be moved along 
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Id a rabbet by means of the strip a b, and a pin riveted to 7; it must 
move easily, but always maintain its direction perpendicalar to e / 
Beneath the ruler is a depression in A S, in which the scale to be divided 
is laid. An additionai arrangement maybe attached to the ruler, for the 
purpose of scratching or marking off the divisions, when this mast be 
done more accurately and rapidly than by hand, 

ISow, if scich an instrument as the alcoholometer of Trailes is to be 
graduated, ite loading is so arranged that in water it shall sink to a, 
fig. 150, after the paper with its sealing-wax corners has already been 
slipped into the tube. The approximate length of the tube is p^^ j^gQ 
ascertained by a previous experiment. Alcohol of a known ^ 

specific gravity is next taken, and its percentage of pare 
spirit ascertained from a table; the areometer is placed in 
it, and the point to which it sinks marked: suppose the spirit 
to be 80 per cent, and e the point. The proper temperature 
of the liquid is indicated by the zero of the inclosed ther- 
mometer, which has a peculiar graduation. The length a c 
is taken off on the paper strip, which is then laid on the 
ruling board A JB of the graduating machine at such dis- 
tance from the brass strip e f (Trailes') that when the 
strip a b moves from to 80, the ruler I traverses the space 
between the two marks on the paper. The strip a 6 is then 
brought back, so that c d clicks in the notch marked 0; it is 
then carried from division to division, and corresponding 
marks made on the paper strip by means of the ruler I. 
After the graduation has been completed, the paper is fixed 
properly in the tube again, the corners melted fast, and the 
top of the tube fused together without any loss of glass. In ascer- 
taining the arbitrary but tolerably elevated point o of the scale, a 
normal instrument is generally made use of, instead of determining the 
specific gravity of the alcohol employed by the balance. 

[91] Trailes' hydrometer, besides Trailes' scale, usually has 
a second one, giving percentage of weight of the alcohol; to this the 
thermometer melted in the wide part of the areometer has reference. It 
has its zero at fiO° F., and is graduated to single degrees. They are so 
large that when the temperature of the liquid is higher or lower than 
the normal by n degrees, the instrument shall stand higher or lower, 
inversely, by n degrees of Ricbter's alcoholometer, than it would at the 
normal temperature. la this case, we first read off the otherwise useless 
Bichter scale, ajid then see what degree of Trailes' corresponds to that 
of Richter thus ascertained. 
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As these instruments are rather long, it will be necessary to have high, 
narrow cylinders to contain them. A form lilie that in fig. 151 will be 



found yery convenient for 
usual form of the Richter' 



Mg. 151. 



^ off, when the vessel is nearly full. The 
3 scale rests upon incorrect assumptions, and, 
in fact, does not coincide with the true per- 
centage of alcohol; for this reason it is 
only useful for the above-mentioned cor- 
rection. 

[92] The areometers of Beck, 
Beaume, and Cartier have entirely 
arbitrary scales, with degrees of equal 
length. These, by the aid of a table, 
may, likewise, be used for ascertaining 
specific gravity ; each tables are to be 
found in most of the worlis on physics. 
Their construction is easily intelligible, 
from what has already been said on the 
subject, when we know their arbitrary fixed 
point. They are best tested by means of a 
liquid of known specific gravity, with the 
assistance of the tables referred to. 

Beaume's areometers are made in the 
following way ; the one for liquids lighter 
than water sinks to zero in a solution of 1 
part of common salt in 9 parts of water, and to 10 in pure water; the inter- 
val is divided into 10 equal parts, and 40 such degrees marked above The 
other, for liquids heavier than water, sinks to zero iu \\i wat and to 
15 in a solution of 15 parts of salt in 85 parts of wate th nt al s 
divided into 15 equal parts, and 70 added below. Th tempe atu e 
taken is "the mean temperature of the air." On this a c unt and the 
impurity of the salt, these instruments are not very accu ate and b a ely 
indicate the specific gravity correctly to the second j la f le mal 
The table annexed is according to Francoeur. 

The starting-point in Cartier's areometer is still mo a ta n the 
degrees are somewhat longer, and the whole scale stands \ deeper. 
According to Francoeur, 16° Cartier =15° Beaume + 22. 

Beck's areometer is at zero in pure water, and 30 at the specific gravity 
of 0'85, (water = 1 ;) the temperature is ■{■ 54*5° ¥. 

[93] Specific gravity areometers.— The graduation of are- 
ometers for immediately indicating specific gravities was formerly very 
difficult, and for that reason the instrument was not in much favor. As, 
however, we can obtain the specific gravity from the volumeter scale, fig. 
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Q the equation y = -"- , we substitute for x the various read- 
^ 100 

inga of tho volumeter, so inversely we can from x = - — - find the points 

of the volumeter sca!e a b corrcs- -p- j^^-g 

ponding to the specific gravity; that 
is to say, the points of a scale divi- 
ded into 80 parts, but bearing num- 
bers from 50 to 130, where the point 
50 corresponds to a specific gravity 
of 3-00, and 100 to 1-0; calculating 
in this way the divisions of the scale 
for the specific gravities 1'9, 18, 
etc. to 0'7, we shall find as parts 
of the scale 52-63, 5555, 5881, 
63-50, 66-66, 71'43, 16-92, 83-33, 
90-90, 100-00, 111-11, 13500, 
143 -85. This table miist, how- 
ever, he calculated for the specific gravities to the second place of deci- 
mals. The proportional parts are transferred to the normal scale, having 
given to it such a length that, for gravities of from 2 to 1, the numbers 
must be carried out, at least to the second place of decimals, and from 1 
to 07, to the third. This range is always divided between two areom- 
eters, constructed as directed for Tralies' alcoholometer. 

All this presnpposea a perfectly cylindrical tube; but as tliis is never 
realized, these areometers will not give the specific gravity exactly, unless 
constructed according to the veiy elaborate process of Brisson and 
Schmidt. The same difficulty exists in reference to all other aVeometer 
scales, that of the volumeter not excepted. With a little care in the selec- 
tion, tubes good enough for ordinary use may be procured, and those who 
require absolute accuracy, will always have recourse to the balauce. 

The following table contains the distances of the divisions for specific 
gravity areometers, and those of Tralies. In the first table, the length of 
the scale, that is, the base of the isosceles triangle, fig. 148, or the length 
of the strip on e f, fig. 149, is considered as divided into 5000 parts for 
liquids heavier than water, and into 4285 for those lighter. The table 
then indicates at what point of this division any specific gravity occurs. 
In the latter, the graduation is possible for the third place of decimals; 
the interval, however, is divided into equal parts on]y, as no error worth 
noticing can occur. The table itself shows this, for it contains the divi- 
sions to the third place, for tho extreme ca.se, specific gravity 0-70 to 071. 
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SCALE 


OF 


5000 PARTS. 




Speclflc 


Correspouiijug 


Speelflc 




SpMiflo 




gra-itj. 


aiviaioQ. 


gravity. 


divMou. 


gin'ity. 


ditlsluu. 


2-00 





1'66 


1024 


1-82 


2575 


1*19 


25 


IPS 


1060 


1-31 


2633 


I9« 


50 


lb4 


1097 


1-30 


2692 


1 


"( 


163 


1134 


1'20 


2752 


1 16 


U" 


lb'' 


1172 


1-28 


2812 


195 


1 S 


161 


1211 


1-27 


2874 


Jfi 




1 bO 


1260 


1-28 


2936 




1 1 


15J 


1289 


1-25 


3000 


1 B 
1 1 




158 

1 n 


1329 
1869 


1-23 


3064 
B180 






1u 


1410 


]'22 


3196 


1 SI 




156 


1451 


1'21 


3262 


18t 




154 


1493 


1'20 


3333 


1 S 




153 


1535 


1-19 


3403 






152 


1878 


V18 


8474 




] 


1 51 


1622 


1'17 


8547 


ISI 


^ 


150 


1666 


M6 


3620 


181 




149 


1711 


1'15 


3695 




414 


148 


1766 


1-14 


3771 




81 


524 


1-47 


1802 


1'13 


3849 




80 


555 


143 


1849 


1'12 


3928 




T9 


586 


1 


45 


1896 


Ml 


4009 




78 


617 


1 


44 


1944 


MO 


4090 




7T 


649 


1 


48 


1993 


109 


4174 




76 


681 


1 


42 


2042 


I'Oa 


4259 




75 


714 


1 


41 


2092 


1'07 


4345 




74 


747 


1 


40 


2143 


1-06 


4433 




7a 


780 


1 


39 


2104 


b05 


4523 




73 


813 


1 




2246 


1'04 


4615 




71 


847 


1 


37 




1-08 


4708 




70 


882 


1 


86 


2352 


1'02 


4803 




69 


917 


1 


35 


2407 


1-01 


4900 




es 


952 


1 


34 


2461 


1-00 


5000 


1-67 




1-33 


2518 









SCALE OP 


4285 PARTS 








SiwdBc 


ConcBpopiling 






gl-vily. 


divismn. 


giatlty. 




grayitj. 




I'OO 





0-86 


1628 


0'78 


8698 




101 


0'85 


1764 


0'72 




0-98 


204 


0-84 


1003 


0-71 




97 




0-83 


2048 


0-709 




96 


416 


0-82 


2105 


708 


4124 


0-95 


526 


0-81 


2845 


0-707 


4144 


0-94 


638 




2500 


0-706 




0-93 


752 


0-79 


2658 


0-706 




©■92 


869 


0-78 




0-704 


4204 


091 






2989 


0-708 


4224 


0-90 


mi 


0-76 


3157 


0-702 








0-75 


3333 


0-701 


4266 


88 


1363 


0-74 


8513 


0-700 


4286 


0-87 


1493 
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Specific gnnitj. 






apMiflegi-avitj, 










Biylaloa on a 


WMflrat 






+4° C. = 




acale of 


+4° C. = 




2S97pHtB. 






2MT paita. 


10000. 





9 


9991 


51 


735 


9315 


I 


24 


9976 




758 


9296 


2 




9961 


53 


782 


9275 




64 


9947 


54 


806 


9264 


* 






55 


830 


9284 


5 


82 


9919 


56 


854 


9213 




95 


9906 


57 


879 


9192 


7 


108 






905 


9170 


8 


121 


9881 


59 


931 


9148 




133 




60 


957 


9126 


10 


145 


9857 


61 


984 


9104 


11 


157 


9845 


62 


1011 


0082 


12 




9834 


68 


1039 


9059 


13 


180 




64 


1067 


9036 


14 


191 


0812 


65 


1096 


9013 


15 


202 


9802 


66 


1125 


8989 


16 


213 


9791 




1154 


8965 


17 


224 


9781 


68 


1184 


8941 


18 


235 


9771 




1215 


8917 




245 


9761 


70 


124S 


8892 


20 


266 


9751 


71 


1278 


8867 


21 


266 


9741 


72 


1310 




22 


277 


9731 


78 


1342 


8817 


2S 




0720 


74 


1375 


8791 


24 


299 


9710 


75 


1409 


8765 


25 


310 


9700 


76 


1448 


8789 


26 


821 




77 


1478 


8712 


27 


332 


9679 


78 


151* 




28 


844 


9668 


79 


1550 


8668 


29 


855 


9657 


80 


1587 


8631 




307 


9646 


81 


1624 




31 




9634 


82 


1662 


8575 


32 


898 


9622 




1701 


8547 


83 


407 


9609 


84 


1740 


8518 


34 


420 


9596 


85 


1781 






434 


8583 


86 


1823 


8458 


38 


449 


9570 


87 


1866 


8428 


87 


405 


9566 




1910 


8397 


38 


481 


. 9541 




1955 


8365 




498 




90 


2002 




40 


615 


9510 


91 


2050 


8299 


41 


533 


9494 


92 


2099 


8265 


42 


551 


9478 


93 


2150 


8230 


48 


569 


9461 


04 


2208 


8194 


44 




9414 


95 


2259 


8157 


45 




9427 


96 


2318 


8118 


46 




9409 


97 


2880 


8077 


47 


648 


93SI 




2447 


8034 


48 


669 


9373 


99 


2519 


7988 


49 




9364 


100 


2597 


7939 


50 


712 


9335 
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TABLE OF SPECIFIC GRAVITIES, 

According to Beaume's and Beck's Hydrometers, for liquids heavier 
than water, at the temperature of 54'5'' F. 



Eegrees. 


I.ea„... 


.... 


Dfgl-CBB. 


Bea.™.. 


B... 





1-0000 


1-0000 


39 


1-3451 


1-2977 


1 


1-0066 


1-0059 


40 


1-3571 


1-3077 


2 


1-0133 


1-0119 


41 


1-3694 


1-3178 


3 


10201 


1-0180 


i2 


1-3818 


1-3281 


i 


1-0270 


1-0241 


43 


1-8946 


1-3386 


5 


1-0340 




44 


1-4074 


1-8492 


6 


1-0411 


1-0336 


45 


14206 


1-3600 




1-0483 


1-0429 


40 


1-4339 


1-3710 


8 


1-055B 


1-0494 


47 


1-4476 


1-3821 




1-0630 


10559 


48 


1-4615 


1-8934 


10 


1-0704 


1-0625 


49 


1-4758 


1-4050 


n 


1-0780 


1-0692 


50 


1-4902 


1-4167 




1-0857 


1-0759 


51 


1495] 


1-4286 


13 


1-0935 


1-0828 


62 


1-5200 


1-4407 


14 


1-1014 


1-0897 


63 


1-5353 


1-4530 


15 


1-1095 


10968 


54 


1-5610 


1-4655 


Ifi 


1-1176 


I 1039 


55 


1-6671 


1-4783 


17 


1-1259 


l-llll 


56 




1-4912 


18 


1-1343 


1-1184 


57 


1-6000 


1-5044 


19 


1-1428 


1-1258 


58 


1-6170 


15179 




1-1515 


1-1333 


59 


1-6844 


1-5815 


21 


1-1603 


1-1409 


60 


1-6522 


1-5454 


22 


1-1692 


1-1486 


61 


1-6705 


1-6596 




1-1783 


1-1565 


62 


1-6889 


1-5741 


24 


1-1857 


1-1644 




1-7079 




25 


1-1968 


1-1724 


64 


1-7273 




26 


1-2068 


1-1806 


66 


1-7471 


1-6190 


27 


1-2160 


1-1888 


63 


1-7674 


1-6346 






1-1972 


67 




1-6506 


29 


1-2358 


1-2057 




1-8096 


1-6667 


SO 


1-2459 


1-2143 


69 


1-8813 


1-6882 


31 


1-2562 


1-2230 


70 


1-8537 


, 1-7000 


32 


1-2667 


1-2319 


71 


1-8765 


1-7172 


33 


1-2773 


1-2409 


72 


1 -9000 


1-7347 


34 


1-2881 


1-2500 


78 


1-9241 


1-7626 


35 


1-2992 


1-2698 


74 


1-9487 


1-7708 


36 


1-3103 


1-2687 


75 


1-97W 


1-7895 


37 


I -3217 


1-2782 


70 


2-0000 


1-8085 


33 




1-2879 
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TABLE OF SPECIFIC GRAVITIES, 

AoeorcUng to Beaume's, Beck's, and Cartiec's Hydrometers, for 
liquids lighter than water, at the temperature of Si'S" F. 



0-8707 
0-8652 
0-8598 



0-8457 
0-8415 
0-8374 



1-0000 

O-0865 
0-9799 
0-9788 
0-9669 
0-9605 
0-9542 
0-9480 
0-9420 
0-9859 
0-9300 
0-9241 
0-9183 
0-9125 
0-9068 
0-9012 
0-8957 
0-8902 
0-8848 
0-8795 



0-9493 
0-9427 
0-93B3 
09299 
0-9237 
0-9175 
0-9114 
0-9054 
0-8991 
0-8935 



0-9604 
0-9560 
0-9497 
0-9444 
0-9392 
0-9340 
0-9289 
0-9239 
0-9189 
0-9189 
0-9090 
0-9042 



0-8762 
0-8717 
0-8673 
0-8629 
0-8685 
0-8542 
0-8500 



0-7892 
0-7849 
0-7807 
0-7766 
0-7725 
0-7684 
0-7648 
0-7604 
0-7565 
0-7626 
0-7487 
0-7449 



0-8095 
0-8061 
0-8018 
0-7981 
0>7944 
0-7907 
0-7871 
0-7884 
0-7799 
0-77C " 
0-7727 
0-7692 
0-7658 

0-7589 
0-7556 
0-7522 
0-7489 
0-7466 
0-7423 
0-7391 
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JVfif. 153. 



[94] Capillarity. — For illustrating the fundamental facts of capil- 
larity, bent glass tubes may be employed, as seen in flg. 153, with the 
wider limb half au inch in diameter in the clear ; the capillary tubes united 
to them should be of different degrees of 
fineness, from two lines to that of a ther- 
mometer tube, and in aeries of about four 
for water and as many for mercury. Those 
belonging to a set may bo fastened to a 
board haying a graduation in inches and 
tenths for each tube. For the watery 
liquids, a deep bine, as a solution of 
ammoniaca! oxyde of copper or of indigo 
will be best ; whichever be employed, care 
mu6t bo taken to wash out the tubes after 
using, as otherwise the residuum of the 
solution, on drying, will choke np the 
tubes, and greatly interfere with subse- 
quent expenraeots. The mercurial arrange- 
ment should be kept filled With liquids 
which wet the glass, the tubes should be 
inclined toward the smaller limb, so as to 
wet the glass fur some distance up, otherwise the greatest elevation will 
not be attained. 

For experimenting with glass plates, take two pairs cut from plate 
glass, from 3 to 4 inches long, and fi-om 3 to 3 brnad, and grind off 
their edges. Four pieces of thin sheet brass, of uniform thickness, 
are then laid at the four corners, between one of these pairs, to make 
parallel plates, 

Four other pieces of sheet brass, two of them the thinnest procurable, 
the others 1 or a lines thick, will enable na to give the remaining plates 
an inclination to each other; each pair may then he bound around several 
times with waxed thread. The same liquids may be employed for experi- 
menting as recommended for the tubes. After using, the plates must be 
taken apart, well washed, and combined again, in readiness for the nest 
experiment. Absolute cleanliness is required with these plates, as when 
only slightly soiled the outhnes of the liquid will not be straight in the 
parallel pair, nor hyperbolic in the inclined. It is best to immerse the 
plates entirely in the liquid, in order to wet them inside. 

Bulbs, from ^ to ^ inch in diameter, made of wax and glass, will 
conveniently illustrate the experiment of attraction and repulsion of 
There is no difficulty in performing the experiment in 
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water, but iu mercary tbe glass bulbs do not sink deep enough. This 
diffiealty may be obviated by half filling the bulbs with mercury, and then 
melting over the aperture. The surface of the mercury, in performing 
the experiment, must be perfectly c 

FUj. 156. 




For the expenmente od attraction between im 
mersed plates take thin plates of glass or mica 
attached to threads by means of wax lijfs 154 
155 156 if the} are not designed to be wetted they 
need only have a Iilm of grease on the sulfate. 

To make pins, needles, etc float upon water, it is 
only necessary to diaw them a few times between 
the fingers; in thi'i way they get a thin coating 
of grease, «hich protects thpm from the water 
When carefully laid on, they will exhibit the same 
relation, both toward each other and the sides of 
the vessel, as the dotting balls 

[95] EndosmosiS. — The inner vessel, h fig 
15T, shouhl hive a flange at its widei opening, so 
as to admit of tying on a piece of bladder securely 
A vessel of lacquered tin will answer for some ex 
periments, but it is better to procure at once a 
suitable glass vessel. The narrow tube may be of 
about the size of that used for barometers, and is 
inserted into the neck by means of a cork. The 
inner vessel may be supported by passing the tube 
through a disk of wood, which covers the exterior 
vessel. Both vessels should be filled to the same 
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height, the inner with a concentrated solation of salphate of copper or 
alcohol colored with cochineal ; the outer with water. 

For an experiment with sulphuric acid and water, the clay cella used 
in the constant galvanic battery will be found very convenient. All that 
is necessary is to place one in a glass vessel and Ql! it with one of the 
liquids, pouring the other round it in the glass. 

(a) EXPERIMENTS ON GASES. 

[96] Torricelli'S experiinent.^i'or the preliminary explana- 
tion of this experiment, pour mercury into a rather high glass cylinder, 
and introduce a glass tube, open at both ends and just wide enough for 
the effect of capillarity to disappear. Pour water into the cylinder, and 
its pressure will cause the mercury to rise in the inner tube. As this will 
be the case with all fluids, the mercury must rise in an empty tube when 
the external pressure is that of the atmosphere. 

Again, take a glass tube, 36 inches in length and about ^ inch in 
diameter, hermetically sealed at one end. It must be kept perfectly 
clean, and when not in use the opening should be closed by a cork. 
The mercury must be perfectly clean : should it leave any impurity in the 
tube, a new one must be taken, or the sealed end opened and the tube 
cleaned by wiping it out with pieces of soft blotting-paper on the end of 
a wire. When barometer tubes are dirty they retain bubbles of air, 
which rise in the ToiTicellian vacuum, and thus interfere with the result. 
The cistern should be wide enough to permit the immersion of the open 
end, with the finger applied to prevent the escape of the mercury. These 
tubes should be left full ; the tube is inclined until the mercury touches 
the top, the bottom closed with the finger and the tube inverted ; in this 
position it is hung up by a waxed string lied tightly around it, 

The tube is filled through a stiff paper funnel, as directed in § T6, or 
the mercury must at least bo passed through such a funnel, to remove 
dust and oxydiaed metal, before being introduced into the tube. The 
mercury can be cleaned stOl better by agitation with warm dilute nitric 
acid, and afterwards with water ; it is then dried with blotting-paper. 
To mate the experiment more accurate, the tube and mercury should 
both be warmed, and the mercury poured in through a long, narrow 
funnel tube, drawn out to a fine point. When the tube has been filled to 
within about ^ an inch of the top, it is closed with the finger and inverted 
several times ; the air which occupied the open space, in traversing the 
tube gathers the minute vesicles which adhered to the sides. The tube 
is next filled entirely, and inverted in the cistern of mercury, with the 
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linger over the aperture. The experiment should also be made with 
tuhes shorter than 30 inches. 

The mercury used in these experiments should be kept for this special 
purpose ; that used for mercurial troughs or for electrical purposes ia 
usually alloyed with other metals. 

Another experiment which belongs here is the following; A glass with 
ground edge is filled fnll of waiter, and a. sheet of paper laid over it so as 
to inclose no air bubbles. If a board or a book be now laid on it, the 
glass may be inverted, and held up in an inverted position without 
spilling the water. If the glass be set on the table in this position, the 
paper may be withdrawn, another sheet slipped under it, the glass then 
slid upon the board again and turned upright. A sheet of good stiff 
paper, not much larger than the g;las5, should be used to insure success. 

[97] Tlie "barometer. — Barometers are amoug the instruments 
which it is better to bny than to construct for one's self. Besides the art 
of filling them so as to be perfectly free from air, a good dividing machine 
ia required for the scale. 

It will be best to have, for purposes of demonstration. In addition to 
the cistern barometer, a simple siphon barometer, with the shorter leg 
contracted near the bend, to admit of being closed up by a rod wrapped 
with cotton. If possible, it will be best to have a good mountain 
barometer, to be used for scientific purposes. The characteristics of 
a good barometer will be found in any test-boolt of physics. 

Should it, however, on account of the fracture of the tube of a valnable 
barometer, or for any other reason, be necessary to fit up a barometer 
tube, one should be chosen not too thick in the glass, and carefully 
cleaned before sealing it up. 

The required amount of mercury is then boiled in a porcelain capsule ; 
the tube itself heated along its entire length, and then filled through a 
funnel, for about two inches, with the liot mercury. The bottom of the 
tube is now heated over a spirit-lamp until the mercury boils, taking care 
to turn the tube round and round continually ; this is to be kept nearly 
vertical, and the operation should be performed over a large flat capsule, 
to prevent the loss of mercury in any possible breakage of the tube, 
With proper precaution, however, there is little danger of this. The tube 
must be heated anew along its entire length, and a few additional inches 
of mercury introduced, the same operation of heating being repeated ; the 
heat should be applied a little below each fresh portion of mercury. 
When the tube has been filled in this way to within half an inch of the 
top, hot mercury is poured into the remaining space. A paper cornet, 
cut off at the bottom, should previously be attached to the top of the 
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cistern, by means of paste and thread, serving as a funnel for the mercai^ 
which is poured in, filling the cistern and part of the cornet. The finger 
is now placed on the filled tube, which 13 next inverted into the cistern. 
After removing the funnel or cornet, the excess of mercury is poured out 
of the cistern ; enough, however, being left to ha^e its level correspond 
with the zero of the attached scale. The tube may be finally fixed in the 
neck of the cistern by bits of cork, or by an entire cork previously fitted 
on the tube ; this must, however, have a small aperture to admit the air. 
In observing the barometer, the mercury must be gently agitated to 
obtain the proper level, even with a tolerably vride tube. The level of 
the top of the convexity of the mercury must be observed and the eye 
held in the same level, to avoid the error of parallax. This is very easily 
done by holding a piece of mirror behind the tube, and placing the eye 
80 that the top of the column coincides with that of the image. The 
barometer must hang perpendicularly during the reading. 

After purchasing a cistern barometer, it should always be carefully 
measured, to ascertain whether the parts of the seaJe which are marked 
are at the right distance from the level of the mercury ; if not, the error 
Bhonld be corrected by adding or taking away mercury. 

Ill removing a barometer, it must be gently inclined until the mercury 
fills the whole tube, and the cistern then closed if there is any provision 
Fig. 158. foi" tl'is. This inclination will show whether the tube is 
free from air, or whether an air babble remains at the top. 
For distant transportation it is always completely inverted, 
and the opening for the admission of air previously closed. 
In setting it up again, care must be taken that the mercury 
in the cistern shall unite with that in the tube before the 
latter begins to move, so that no air shall be introduced 
into the tube. 

As Huygens's double barometer and wheel barometer 
are frequently seen, it will be well to take advantage of 
an opportunity to obtain them cheaply for the purpose of 
illustration, though tliey are not used for scientific purposes. 
[98] Mariotte'S law. — To illustrate this law for 
condensation, we make use of a tube hermetically sealed at 
one end and bent round, as in fig. 158. This tube is 
fastened to a board by strips of brass, after a strip of 
paper, divided into inches and tenths, has been attached ; 
this is to be numbered from below upward, and varnished 
with white shellac. The tube need not be more than 30 
or 36 inches long, aa the law can be shown by calculation, 
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even when the pressure does not amount to entire atmospheres. Longer 
tnbes may, towever, be made, if deemed necessary, by uniting several 
joints by means of iron fernles an incli long. 

In experimenting, enougli mercury is introduced to fill the bend and 
stand at the same height in both !egs ; this may require a continued 
tilting of the tube one way or other, to let air in or out of the short leg. 
When accomplished, this height is marked. Mercnry is now poured into 
the open end, up to about s ; the mercury of the short leg by advancing to 
m will compress the air to a volume, 6 m, and if B bo the height of the 
barometer at the moment, then ab : mb^^B -\-n s : B. If the tube be 
long enough the pressure may be increased by whole atmospheres, and 
the volume of air reduced successively to |, ^. ^, etc., for which reason it 
is convenient to have the original volume a number of inches divisible by 
2 and 3. 

To demonstrate the same law for rarefaction, we may use a glass tube 
about 30 inches high and two wide, closed at one end and funnel 
shaped at the other. Such a tube can readily be obtained at any glass 
house. It should be cemented into a solid wooden foot, to guaril against 
breakage, or, still better, placed in a frame, as in fig. 159, (in section ) 
The enlargement above is not absolutely neces- et- icq 

sary; it is, however, convenient, that the level 
of the mercury may not change essentially 
during the experiment. It can easily be made 
byeuttingoffthe bottom of a bottle and cement- 
ing the tube into the neck. Any tube of suffi- 
cient width will answer for the experiment, even 
without being fused together at one end, if it be 
cemented tightly into the hole in the bottom of 
the frame, fig. 159. The narrow glass tube 
used is ground flat on one side and there divided 
off into inches, the mark being made with indian- 
ink. In the experiment, the large tube is filled 
with mercury, and the narrow one inserted so 
far that only a few inches project; the end is 
then closed with the finger, and the tube drawn 
out until the contamcd air is made again to 
ocenjiy any given whole number of inches, when 
the height of the column of mercury la the 
inner tube is measured. The experiment may 
also be made with a tube closed at one end, by 
partially filling it with mercury. 
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Fig. 160. 



In experiments, both for condensation and rarefaction, the same scale 
must be used as tliat of the barometer which may be on hand, as the 
indications of the latter instrnment must be introduced, and complicated 
reductions vpill thus be avoided. This should be contracted for when an 
instrument is ordered from the maker. 

[99] The air-pump.— This instrument is of the first importance, 
both to the amateur and to the teacher, and, at the very outset, as good 
an instrument as the funds will allow should be procured. For the 
amateur as well as the chemist, a hand-pump, i.e. one without lever or 
guides, will answer most purposes, if well constructed ; a few minutes more 
or less expended on an experiment make no difference. JFig. 160 shows 
such an air-pump, intended to be screwed on a 
table ; the vessels to be exhausted may be con- 
nected by caoutchouc tubes with the arm a <yc h; 
or a glass tube, 30 inches long, reaching down 
into a vessel of mercury below the table, may be 
connected to b, to indicate the degree of ex- 
haustion. It is a good plan to have such an 
air-pump furnished with a screw clamp by which 
it may be attached to the table. When the air- 
pump has no plate with its stop-cock, special 
arrangements will be necessary for the experi- 
ments to be described. The case is very differ- 
ent in the school, where a number of experi- 
ments must usually be gone through in a short 
time. In this case the instrument should be 
large, with double cylinders if possible ; per- 
fection of actiou is not so necessary, as experi- 
ments before classes rarely require any very 
great amount of rarefaction. 

An important consideration in respect to the 
air-pump is the greater or less facility with 
which it can be taken to pieces and cleaned. 
A new air pump should always be tested by a good barometer, to see 
whethoi it peiforms all that is claimed for it, and whether it closes 
tightly. In respect to the first, we remark that the experiment should be 
tried either with no receiver at all, or else with a very small one. The 
second point is ascertained by exhausting the air to the proper degree, 
and then watching the barometer gauge to see whether any air penetrates, 

[100] Management of the air-pump.— The air-pamp, from 
its nature, requires very careful handling if it is to render good service 
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for a loDg time. Above all, cleanliueas is necessary, aad it should there- 
fore be taken to pieces once a year and carefully cleaned throughout, 
after which fresh grease should be applied. This can be done most con- 
veniently when the air-pump experiments for the course have been 
iinished. 

Experiments ou boiling water iu vacuo, and on freezing water, by the 
evaporation of ether, almost necessarily require the cleaning of the air- 
pump after them; on which accouQt they should be performed imme- 
diately after the air-pump experiments proper. The cleaning is best done 
with blotting-paper, which may be at first moistened with alcohol; after- 
wards the piston and cocks should be greased afresh. The grease must 
be applied to the piston, and not to the cylinder : in the latter case the 
superfluous grease would be pushed to the bottom, and prevent the 
complete descent of the piston as well as stop up the tubes. For the 
pistons we may employ hog's lard ; for the cocks, tallow, or a mixture 
of this with an equal quantity of lard. The piston rods and rack should 
be oiled. It will be well to keep the grease covered in a vessel, and 
especial care should be takeo to have it entirely free from grit. 

It is a good plan to pour a stratum of oil ^ to ^ an inch deep above the 
piston, which acts like the grease ia the stufflng-bos of a steam-engine. 
The pistons close better and work easier, bat they must fit tight enough 
to prevent the oil from running down into the cylinders. 

Should it be impossible to keep the air-pump in a glass-case, make a 
cover of pasteboard, to protect it from dust 

A good rule for keeping the air-pump in order is never to attempt 
moving the piston when the instrument is cold ; thus in winter it should 
be kept in a warm room some time before use. 

The edge of the receiver should be rubbed with a tallow candle, or a 
mixture of lard and beeswax, before being placed on the plate; well 
ground receivers, however, require no grease. 

The motion of the lever must be slow at first, as the air in the narrow 
channels requires time to diffuse itself in the entire space; the audible 
hissing of the air, or the continued sinking of the barometer gauge, will 
indicate the rapidity of exhaustion ; as rarefaction proceeds, the movement 
of the piston may be accelerated. Without this precaution much labor 
will bo lost, and the trouble of making air-pump experiments greatly 
increased. Scholars, however, or unskilH'nl assistants, do not possess the 
knack of moving the handle regularly, and irregular action is always very 
injurious to it. 

A receiver should never be removed from the plate of the air-pump 
when the air withia is in the least degree rarefied, without previously 
8 
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letting in the exteraal air, Removal sbouM be effected by sliding the 
receiver off the edge of the plate, rotating it slightly in the operation. 

For every experiment, the smallest possible receiver should be selected. 
Very small receivers may be readily made by taking glaaa tumblers, with 
stout bottoms, and grindicg oiFthe edge. 

[101] Minor repairs of the air-pump. — ^when the piston 

becomes loose by long usage, it may for a time be repaired by screwing 
up the movable disk on the lower face of the piston. The plugs of the 
stop-cocks have a tighten! ng-screw, by means of which too great freedom 
of motion may readily be corrected. If, however, neither piston nor 
cocks can be tightened in the way mentioned, the instrument should be 
returned to the maker. It is only in case of absolute necessity, or of 
competent skill, that recourse should be had to fi-esh grinding of the plug 
in the hole, by means of oil and ftne pumice. 

The glass layer of the plate is sometimes loosened from the subjacent 
metal, in consequence of the unequal expansion of the two substances by 
heat. In this case, the plate is unscrewed, each part heated separately 
nntil the cement flows readily, the glass laid face downward OB a table, 
protected by several layers of paper, and the metal tightly and accurately 
pressed down upon it, with a twisting, concentric motion. After cooling, 
the expressed cement is removed with a knife. In case of fresh cement 
being needed, it may be made of shellac, with ^ of wax and the same 
quantity of turpentine. 

If the air-pump is found to leak in any part covered with leather, this 
■ must be replaced with fresh. Chamois leather, saturated with a hot 
mixture of tallow and lard in eqaal parts, is best for this purpose. A. 
small stock of such leatlier should be always kept on hand. If the leak 
occur where glass is cemented in, the part must be unscrewed, boated, 
the glass removed and freshly cemented with sealing-wax, care being 
taken to warm well both glass and metal, (section 45.) 

[102] Experiments with the air-pump.— (i) A bladder 
partly ailed with air and tied tightly expands when placed under the 
receiver of the air-pump and the air exhausted, which may be carried so 
far as to burst the bladder. This bladder, unless preserved under the 
receiver of the air-pump, is apt to be eaten through by iasecte. Small 
india-rubber bags may be used for the same purpose. 

(2) The expansion of the air may be shown by a glass matrass, nearly 
filled with water and inverted in a tumbler of water, which is placed 
under the receiver, fig. 161. Bubbles of air are at the same time extri- 
cated from the water. 

(8) The receiver is iastened on the plate by the pressure of the air. 
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Care is necessary to avoid injuring the air-pump by efforts to loosen the 
receiver. 

(4) The Magdeburg hemispheres. The beat way of exhibiting this 
experiment is to attach a 



eight to the ]o 
sphere by a hook, or else to 
have the lower fastened 
to a board, and the ring 
of the upper to the short 
arm of a lever, at the oppo- 
site end of which weights 
may be attached. In 
this way the exact force 
required to pull apart the 

ted. The ground edges of 
the hemisphere should he 
coated with tallow. It 
should first be shown that 
the hemispheres may be 
easily separated when filled 
with air. 

(5) B f g fbl U 
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long glass tube, hermetically sealed at one end. A fernle of brass or tin, 

an inch or more long, is then procured, fitting over the ends of the two 

glass articles when in contact. By 



Fig. 163, Fig. 164. Fig. 165. 



means of aeahng-wax, 
air-tight joint is made; the fnunel 
must, of course, be ground off 
at the rim. For the barometer, 
may be used a Torricellian tube 
without scale, flg. 164, iitted into a 
bottle by a cork. All superiuona 
mercury must be poured out of the 
bottle before inserting' the cork, to 
avoid the danger of running over 
when the mercury descends in the 
tube. Care must, of course, be 
taken to have the tube so narrow 
as not to hold too much. Another 
very good form for this experiment 
is shown in fig. 165. An air-pump 
receiver, open above, is fitted with 
a brass collar with two tubes : in 
one tube is iitted an ordinary siphon 
barometer, in the other a double 
bent tube with a vessel for mercury. 
As the air is exhausted, the mercury 
rises in the latter, while it sinks in 
the barometer. In this case, also, 
caution is necessary in admitting air. 
(1) Wood is specifically heavier than water. To show this by means 
of the air-pump, confine a block at the bottom of a tumbler of water by a 
weight Place this under a receiver, exhaust the air, and then let it in 
again ; the pores of the wood will thus be filled with water. The lightest 
wood will be found to remain at the bottom after removing the incum- 
bent weight. 

(8) Sound ceases under an exhausted receiver. The experiment may 
be tried by means of an alarm-clock placed under a receiver, or by means 
of a bell suspended from the top. In either case, the experiment will fail 
if the apparatus touch any of the solid parts of the pump. The alarm 
must, therefore, be set upon a loose bunch of fine hemp; or the bell 
suspended by an untwisted thread of the same material. 

(9) Water boils at a low temperature, say 90° P., when the atmo- 
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spheric pressure is removed. To perform the experiment satisfactorily, 
make use of a small receiver, aud a high, narrow vessel of water. With 
too large a receiver, the working of the pump will not carry off enough 
of the watery vapor, which of itself would keep the boiling point 
from sinking, and with a wide water vessel too much vapor will be 
formed. Ether evaporates still more readily. To show this, put some 
water into a narrow glass tube, sealed at one end, and drop in a small 
quantity of ether r invert the tube in a small vessel of water, and place the 
whole under the air-pump. On exhausting the air, the ether will vaporize 
and drive out all the water from the tube, to be again condensed on ■ 
readmission of the air. 

(10) To bring water to the freezing point by its evaporation, assisted 
by sulphuric acid or hy the vaporization of ether, the broad, shallow 
vessel containing it must rest on pieces of cork, to prevent conduction of 
heat. The ether is beat, but the experiment should be performed at the 
close of the course, as its vapor acts injuriously upon the grease of the 
air-pump. A rapid exhaustion will be necessary for success. A neat 
form of the experiment consists in setting a watch-glass filled with ether 
into another partly filled with water: the two glasses will be frozen 
together. 

Strong acid must be used for the experiment, of which Bg. 166 shows 
the details. The upper watch-glass containing the water is set into a 
ring, fastened by its stem to a board, on which rests the flat vessel 
containing the acid. As it is'difficuit to get acid of sufficient concentra- 
tion to work satisfactorily, it will perhaps be best to adhere to the 
^ther. 

Fig. 166. Fig. 167. 





(11) The expansion of confined air will hurst a vessel when the out- 
ward pressure is removed. For this purpose, we may best use thin, blown 
bulbs, fig. 167, of an inch in diameter, flattened at the bottom, and the 
stem sealed after cooling. 

(12) To show that a light goes out in rarefled air, place a small 
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burning wax light in a reeeiver tall enough not to be affected by the 
heat. The light will be found to go out with a few strokes. 

(13) Steel gives no sparks, and gunpowder burns without explosion 
in a ?acnum. Fig. 168 explains the general features of the arrangement 

„. ,,, by which this can he 

Fig. 168. ^ ,., , „, , 

" readily shown. The le- 

ver arrangement a is set 
off by means of a rod 
sliding through a staff- 
ing box Powder may 
be set on fire by means 
of a lens within an ex- 
hausted receiver; but it 
will be found to burn 
away slowly without ex- 
plo>,on 

(14) The siphon will not act in a vacuum. For this experiment, 
construct a siphon out of a thermometer tube, as in fig. 169; the opening 
at o is closed with the finger while the tube is being filled by suction. 
The esperiracnt can only be made with certainty with mercury. This is 
poured into a rather high glass vessel, and a lower one set by its side to 
receive the outflow. The opening in the tube at o may readily be made by 
dosing one end and blowing strongly into the other, when the convexity 
at o 13 softened over a spirit-lamp. 




Fig. 169. 



F!g. 170. 




(15) If one leg of a doubly bent glass tube, open at both ends, he 
inserted, air tight, into a vessel half full of water, a, fig. 110, the other 
end dipping into b, and the whole plaj^ed under the air-pump, rarefactiou 
outside will cause the air in o to expand and force the contained water 
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over into b. If the tube is vertical, a Hie f uiit n of tb mpl t 

constraetioti will be obtained; if this latte b b ught u d th a 

purap, care mast be taken not to continno th p m t t I n 1 

water will get into the pump, which woulcl i lu n u th exp 
ments. 

(16) The following experiment is inatru t f th th y f tl e 

Buetion-pump. A large tube, or a high, n ow A i 111 

Fig. 171. 



Fig. Ui. 



fitted with a brass cap B, into whioh the plug G is 
screwed; this has a tolerably wide aperture below, 
into which a stoat glass tube, nearly as long as the 
receiver, is cemented; the rest of the ping is perfo- 
lated with a fine hole. It has a flat head, on which 
a valve of oiled silk is fastened, similar to that de- 
sciibed in No. 25 of this section. On is screwed 
the small air-jrorap D, the piston of which has a 
similar valve, shown in natural size in fig. 173. A 
meicury cup is placed under the receiver, into whieh 
the tube dips. When the small pnmp is worked, 
the mercury will be drawn up, which will not take 
place when the air in the receiver is eshausted. 
One stroke of the pump raises the mercury sufficiently 
high; the valves may therefore be dispensed with 
and the pump screwed directly on the mounting B. 

(17) A very simple apparatus for the quicksilver 
laiu may be made out of a lamp chimney, fig. 173, 
with the lowfr end ground off. Into the other end is cemented a piece 
of walnut wood (shown in section in fig. 174;) a second piece, fig. 175, 
is fitted into the bottom, to receive the mercui-y as it falls through, and 
prevent even a drop from getting into the air-pump. 

(18) The balance maTwmeter. To one arm of a small balance. 
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fig. 116, provided with a sTipport, is attached a large, hollow metal ball, 
soldered air tight, which is balaaoed by a solid ball on the other side. 
The balance must have an adjusting screw a, as the changes of pressnre of 
the air disturb the equUibrinm. In an exhausted receiver the large ball 
will sink, because it had been buojed up by the air more than the Bolid 



Mg. 116. 



Fig 117. 




(19) It frequenth happens that air is to I e I'trefied in a vessel which 
can neither be serened to the air pump noi attached to the piate For 
this the caoutchouL tubes recently iniented ire very com en ent To one 
end 13 fastened a brass tube flg 171 with double mdled head to facilitate 
the screwing on to the pump 

(20) Condensation of ai If the air pump is arringed for conden 
sation as well as rarefaction attent on must le paid at everv expeiiment 
to the cocks for the paipose of ascertaining whethei they b properly 
adjusted oi not. If for instance the apjaratus be adjusted foi conden 
eation and a receiver be plated on the plate for rarefaction the adhesion 
between the tno will le sufficipnt tu retain the rece vei which at the 
second stioke may bo thrown ent rely oft The n which the 
air IS Lompreseed shonld be nade of gh f n n h thick so 
that it wiU not be necessary to cover then w th w e ^anze which 
nearly destroys thi-ii transparency It is better to ha e a separate plat« 
foi th s purpjse to which the receiver mty be sc ewed down as in fig 
1-S 

(21) A manometer of the simplest chiracter may be constructed out 
of a glass tube closed at one end and of neirly equal liameter through 
ont this IS divided into inches and tenths by means of mk or scratches 
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and then inserted into a vessel with mercury, by means of eork or leather. 
It is not advisable to use the air-pump for condensing to more than two 
atmospheres. 

Fig 118 



Mg. 179. 




^ 



(22) It iir be forced mto a HIero's fountain, the escape pipe of 
which IS provided with i stop-eocL, a& in fig. 1T9, jets of various kinds 
may be screwed on aftei removing it from the air-pump. The metal of 
which this fountain la made must be at least 1 millimeter thick, and will 
then bear, with the dimen'.ions assigned, a pressure of two atmospheres, 
if the seams are hard soldered 

(23) A flattened gla^s bulb, such as described in No. 8, is 
the eondensf r 

(24) If the infide of the condenser be moistened and the c 
air allowed to Lseapp suddenlj, the whole receiver will he filled with 
vapor, owing to the rapid lowering of the temperature. 

(25) Determinations of the specific gravity of gases will scarcely form 
part of an experimental course. For this it will be safScient to show the 
d'ff n ■ w 'ght between a glass balloon filled with air and the same 

mpt d d a^ain, when filled with condensed air. A glass tube may 
b d t h b t the same experiment. We may, in this place, describe 
th d f d \ ng gases, as it will come into play in other experiments. 
A gl t b mc 3 feet long and i to | inch in diameter, fig. 180, is 
fill d th hi ide of calcinm, and closed by corks. The corks are 
perf ted th by a hot wire or else by the cork borer, so as to admit 
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at eaeli end a glass tube from 1 to 2 linea thick. T!i,e stoppers are then 

cut down to the level of the large tube, and bound witli strips of caoutchouc. 

Fig. 180. 



The apparatus thus arranged is eonneeted first with the ri 

holding the gas, and thea with the exhausted balloon, after enougli gas has 

been forced through the tube to expel aJl the atmospheric air. 

In determining the relatiye apeciSc gravities of air and water, involving 
th fil! g f th baJl n w th water, especial care must be taken in drjing 
a a n wh 1 an nlv t ac mplished effectually by repeated admission 
anl ha t n f d y For this reason the experiment la not well 

adjtdf hi t ta. The volume of smaller veseels may be 
d t m 11 y m an f m ry. If no vessel with stop cock he it hand, 



l7rt 



f 11 fa 



Fig. 183. 




how the difierence in weight between a vessel 
emjty ly thin flask may be made to ansnei the 
purpose, by closing the mouth i\ith 
a good cork, pierced by a hot 
wiie and driven in up to the top. 
A piei>G of oiled silk is tied tightly 
ovei the stopper and the end of the 
vessel, and two parallel cuts made 
in the silk, a short distance on each 
side of the perforation, fig. 181, and 
on a larger scale in fig. 182. In 
this way we obtain a very simple 
and effective valve, applicable in 
many other cases. The flask, after 
being weighed, is placed under the 
smallest receiver possible, and the 
air exhausted, after which it is 
again weighed. A pint flask will 
-,_-__ answer for the purpose. By the 

tZ '*3L intervention of the contrivance, fig. 

' 183, the flask may be connected by 

JLlJliMM flexible tubes with a hand pump. 

-^™b^ By inserting the end h in the flask, 

it may be nsed for condensation. 

The corks are varnished with seal- 
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(26) Fall of bodies in a rarefied ^medium. The simplest mode of 
exhibiting this experiment is by taking a glass tube, from 2 to 3 feet long 
and from 1 to IJ inch in diameter, witli tight brass caps at both ends, and a 
stop-cock at one end. A couple of bits of letter-paper and a leadea siot 
are introduced, and the difference in the time of falling exhibited before 
exhaustion, by repeatedly inverting the tube The same is done after 
exhaustion. A feather will take longer to fall 
than the paper, but there is more danger of its 
sticking to the sides of the tnbe, in oonsequei i. 
of grease or electrical action, 

A glass should be selected which is a go d 1 
insulator, so that it may also be used for ele 
cal experiments. There are numerous arro 
ments for letting the two bodies fall at the ! 
instant, but they all require the receiver t 
exhausted for every descent; ia the waj 
scribed it can be repeated quickly, if not dis 
the first time. 

[103] The air-gun.— The fom of 

varies so much that a detailed de&cri] 
would be useless. Some caie must taken m 
charging the magazine. When it is doubtful 
how many strokes of the condenser the migazine 
will bear without bursting, it is safest to ascer- 
tain the relative capacity of the two by falling 
them with oil, and measure the thickness of the 
metal. The negative spa«e, i.e. the space 
between the valve of the magazine and the 
piston, is often so large as to render an over- 
charge impossible. 

In charging the gun, the magaaine is screwed 
on to the condensing apparatus, fig, 184, the 
cross-bar of the piston rod held firmly under 
the feet, and the magazine moved rapidly up 
anci down, the piston beicg drawn out far 
enough at each stroke to admit the air through 
the lateral aperture, and then quickly thrust 
down again. The piston must not move too 
tightly, for the operation is very fatiguing. 
Very few air-guns will retain a full charge over 
34 hours. 
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[104] The siphon.— A siphoE with suction tube, fig. 185, is Tisefal 
to explain its action. While sucking, the end h is closed with the finger, 
and care is necessary to avoid drawing the liquid into 
the mouth. Such a siphon maybe made by cracking 
off the bottom of a Cologne bottle, and fitting it up as 
shown in fig. 186. 

We have already given an experiment with the siphon 
in No. 14 of the air-pomp series, (p. 118.) Another 
may be shown by taking a tumbler and cementing air 
tight on it a tin cover, with two short tubes in it, fig. 187. 
Into one is tightly fitted a bent glass tube, the other 
I being for the introduction of water. If the siphon is set 

I in operation, the flow will eontinne as long as the aper- 

ture a is open, but will cease on closing this with the finger or a cork. 
Tlie cap of Tantalus may readily be constructed by any tinner, after fig. 
Fig. 186. Fig. 187. 




r^j 






188. The siphon serves as a handle and opens in the raised bottom of 
the cup at a, while the other end is on a level with the foot. On filling 
the cup with water, this will immediately rnn off, and empty the vessel 
completely. If a glass vessel with an opening in the bottom is at hand, 
a curved siphon maybe fixed in it with a corlt, flg. 189; or, as in fig. 190, 
simply a straight tube with a larger tube closed at one end inverted over 
it. This tube must be a little longer than the ianer one, and not so high 
as the top of the vessel. The water will flow out as soon as it reaches 
the top of the siphon. Small bottles with the bottom cut off, and the 
neck set in a wooden foot, will answer the purpose. 
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A '.iphon with an air cliaml ei may be made by taking a Cologne water 
bottle and cutting oft the upper pait just below the neck. Two tubes 
are inserted through a good tight cork, the shorter being drawn into a 
Fig 189 Fig 190 Mg. 191. 







point and projecting more than the longer, lig. 191. On sucking at the 
lower end of the long tube until water enough 13 drawn over to cover the 
upper end, we will have a continued jet of water within the bottle. 

The Wirteraberg siphon consiste of a tube bent at an acute angle, 
with the legs of equal length and the extremities turned up ; this may be 
hung up filled and ready for immediate use. 

On account of the general use of the siphon in decanting from large 
vessels, it is often convenient to attach a piece of india-rnbber tube to the 
end of the longer limb, and close this with a clamp made of bent wire, 
such as is shown in figs. 192 and 193. 



d by Google 



12S 



PHYSICAL EXPERIMENTATION. 



[105] The pipette is a tube of metal or g'lass, about 2 inches 
wide, fig, 194, which can be closed with the thumb at the top, and ends in 
a fine point less tlian a line in diameter. 

A great variety of amusing toys may bo constructed on the 
I'ig. 194. game principle : such aa the magic fnnnel, the widow's cruse 
or oil jug, the vestal's sieve, the magic can, etc., any of 
whicli can readily he made by the tinner. 

The magic funnel, fig. 196, consists of two funnels, set 
one inside of the other, leaving a small space between, into 
which the minute opening at a leads ; this opening is formed 
by the points of the two funnels, which are soldered air 
tight together on the upper edge. The handle is partly 
hollow, and communicates above with the concealed cavity; 
it has a small opening at b. The funnel is filled after 
closing the noza a a d q d p h 

cavity; as long hfig h nh n|,a5 

the liquid will p hay 

desired portion may I e le off by n and n 

ing b. 

The widow's , n m w h m p p , 

readily intelligible from fig. 197. 

The magic can, flge. 198, 199, has likewise an opening in 
the handle at 6 ; after removing the false bottom m, which ia 
only slipped on, it is filled through an aperture in the true 
bottom n, closed by a screw. The spout must, of course, 
be a small one. If the can, as shown in plan ia fig. 199, be 
Fig. 195. .Fig. 196, 




Mg. 1 97. divided by a partition, we can fdl in two different liquids 
.,b through the openings a a, and either or both be allowed 
to flow according to the pressure on the holes 6, h. 

The vestal's sieve, fig. 200, is a vessel of tin, the 
bottom of which is minutely perforated. Liquids will 
be held in as long as the neck remains closed by a cork 
■ stopper. 

A more practically usefal application of tliis principle 
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may be made in the construction of a pipette, the simplest form of which 
consists of a glass tube, from i to 5 lines wide, drawn out to a point at 
Fig. 198. Fig. 199. Fig 200. 




one ead, and at the other so narrowed as to be readily closed with the 
forefinger. The tutie itself may be 5 or 6 inches long, and the narrow 
extremity from 1 to IJ. 

[106] Hiero'S fountailL— This may be constructed most simply, as 
in fig. 201. The ends of the tubes are made somewhat conical, so as to 
fit more tightly into the corks. Considerable skill in glass blowing will 
be required to make the fountain in one piece, as seen in flg. 203. Fig. 303 

Fig. 201. Fig. 203. 





shows a simple construction in tia of a Hiero's fonntain. The two vessels 
A and jB have each an opening a b beneath, closed with corka. ^i is 
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filled with water by the one, and B emptied, after the experiment, through 
the other. In addition to the two tubes G D, the two vessels, for 
greater security, may be coanected by means of two similar columns, 
having no connection with .the vessels. In this form of the apparatus 
the water is again collected in the basin of the upper vessel, and exerts a 
pressure on the lower 

depends on the same pnnciple as 
Hiero s fountain It la divided 



The magical cisk 
i^p 204 




into two paits and the partition 
has an opening above Wme is 
puuied into A through the open 
ing a to be toiced out through the 
cock E by the pressure cf the 
water column in the tube C D the 
tube c of the cf ck e\tends to the 
bottom of A The compressed air 
J iises throueh the opening in the 

partition from B mto A and ifter 
the expenment B maj be emptied 
through b 

[lOT] Pumps. — Models of 
suction and forcing pnmps had 
better be purchased ready made, 
with the cylinders of glass if possi- 
ble. As no oil can be used with 
glass cylinders on account of dimin- 
ishing their transparency, the piston 
must be wrapped with thread, and 
consequently soaked in water be- 
fore use, to make it swell and fit 
tightly. If the working of the 
forcing-pump has been explained in 
connection with the Iliero's ball, the 
application of the former in the fire- 
engine will be illustrated quite as 
well as with a special model. 

[108] Tlie intermitting 

fountain. — A simple form of this 
apparatus may be constructed by 
applying a tin cap B C to a glass 
vessel A, fig. 206, through whicb 
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passes the tube D, having a small notch in the end ; the cap has also the 
little tubes a, b. The top of the second vessel E forms a basin, and has 
in t t th t b ff 11 h h al has an opening ia the bottom of the 
ba th 1 D t th tube G. after A has been filled with 

wat th h th f m Th m 11 opening h, leading from the bottom 
of th 1 t th \ E \ & less water run off into E than is 

dih ilya dftt^th A cork is fitted into an opening ia the 
bott mffitltfttl wt As soon as A is set over the tube C 
thwt fadiad collects in the basin, because h dis- 

ch g 1 at th th tw penings; the opening of the tube I) 

is the eby 1 ed, a n 1 g ] s through the tube D into A, and the 
flow of water from the latter vessel ceases until more water runs out of 
the hasin, when the notch at e becomes free, and the flow commences 
again from a b. 

[109] The manoineter. — In order to observe the pressure of 
gases in a state of motion or of rest, open or closed manometers are 
used, which are also known under the name of wind gauges. 

Under open manometers, Welter's safety tube must be meotioned, fig. 
206. It serves in the first place, in evolving 
bursting of the vessel, the liquid 
in the tube being driven up into ^^y ^O*" 

the funnel by the pressure of 
the gas. When the evolutioa 
of gas ceases, acid can be poured 
in through the tube. The mano- 
meters which are used with gas- 
ometers and gas pipes to mea- 
snre the pressure are made on 
. the same principle, and provided 
with a scale f r measurement 
Pig 201 showB such a pressure 
gauge wheie the scale is fixed 
to the ascending tube The 
ttuid used 13 cochineil water 
raised with snlj huiie acid 

To measure the pressure of 
the air in blasts a simple appa 
rrtis of tm plate is used which 

is shown in fig 20b aboat ^ the real ai^e M Nis i boT of which the 
tube a IS fitted tightly through a cork and stuck in an opening in the 
blowing apparatus. In the short tube h a stout glass tube from 4 to 5 
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inches long, is inserted, and divided into qnarter inches. Before the trial, 
water is poni'ed in throngh d nntil it stands at the zero of c. In organs 
the pressure is not usually over 4 inches, but it must remain at the same 
^.g. 208., Fig. 2m. 





height when all the valves and regiateia are open. 
Fig. 210. Donble bent tubes, fig. 209, may also be used ; they have 
a double reading, like the siphon barometer. 

Closed manometers are generally used only for high 
pressure, which is indicated by the coropression of a 
portion of air inclosed by mercury, according to the law 
of Mariotte. Fig. 210 represents a manometer of this 
kind, which may he used for steam-boilers, or with a 
stop-cock in connection with the condensing air-pamp. 
It consists of a chamber 6 b connecting with the gas 
through the canal a, and inclosing a vessel with mercury. 
A strong glass tube is screwed down into 6 6 by a 
metallic cap, and reaches below the level of the mercury. 
The tube is graduated to atmospheres. The preastire 
of the gas forces up the mercnrj into the tube, condens- 
ing the air before it. 

The manometer is also used to indicate the pressure 
of liquids, e.g. in the hydraulic press. 

[110] Dobereiner's lamp.— The liquid used 

consists of sulphuric acid, diluted to ^; instead of a 
piece of zinc, it will be best to use a coded ribbon of 
zinc plate, on account of the larger surface. The 
quantity of liquid must be so great as nearly to reach 
the cover, fig. 211, when at its highest, so as to have as 
great a pressure as possible. Very small machines are 
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not desirable, and caro must be taken to have the gas chamber large 

enough to supply small quantities of hydrogen. For this purpose 

it will likewise be convenient if the dis- _ 

charge pipe is bo fixed as to admit 

of screwing in another tube, to which 

glass tubes leading into the pneumatic 

trough may be attached by means of 

caoutchouc. 

The cock will fit much better if the tap 
be bored longitudinally for the passage of 
the gas, asinfig. 213. 

Although the cock described is most 
convenient, there are other forms employed 
which it is hardly necessary to mention 
here. The points to be attended to in the 
purchase of any kind are whether it fits 
closely without being too tight, and 
whether, after rapid turning backward 
and forward, the tap exhibits any traces 

of friction. After a recent filling, or when the apparatus has not been 
in use for a long time, an explosive mixture of the hydrogen with air will 
be found to exist, and on this acconut care must be taken not 
to ignite it without having previously let out ail the gas (with Fig. 312. 
a piece of paper interpnsed against the platinum sponge) and 
getting a fresh supply. After long standing the platina 
sponge raast be heated red hot in the current of gas, previously 
inflamed, before its properties will be restored. 

While such an arraugement will be found convenient for small quantities 
of gas, larger gasometers will be required for othei puipose^, they may 
be purchased ready made, and are easily conftrueted Similar arrange- 
ments may be used for other gases buch an apparatus may bo made at 
little expense according to Varreutrapp, in the maimer shown m flgs. 213 
and 214. For the exterior vessel a candy jai with i tin cover may be 
taken. The cover has two hole'^ on each iide thiough ivhich a pin 
is stuck to hold the cover fast to the rim of the glasa There ia a short 
tube in the center of the cover into whuh the neck of the inner vessel is 
fixed by a cork. This vessel is made of a bottle with the bottom cut off. 
The gas tubo a is fitted into the neck of the bottle ! y a d o _: ; 
it leads into the vessel A, whith is shonn on a laiger al n hg 14. 
The tube a passes through the cork nearly to the bottom f th ia er 
tube B ; a second tube 6 projects a liftle way below tl e k t n 1 ct 
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of vihich II 



5 The tube . 
filled with mer 



stands in a little conical glass, the bottom 
117 St as to close the tube a when the glass 





the top of the reservoir, as in fig. 213. Under A there is a 

cover which is closed with a slip of tin ; by taking away the 

A sinks into the cover far enough to nncoyer the end 

a but not the tube B. It is closed by raising the vessel 

the tin under it again. 

[Ill] The air-balloon. — Small balloons of gold- 
beater's skin may be purchased ready made, and answer 
very well. To fit these up a small quill ia inserted and 
tied around with fine thread, and a cork fitted to the 
aperture. The hydrogen gaa is collected in a glass 
receiver, with a stop-cock at the top, fig. 215, snch as is 
used for filling bladders, etc, "Upon the stop-cock is 
fitted a cork with a quill inserted, and coated all over 
with sealing-wax. After collecting the necessary 
quantity of hydrogen, and allowing it to cool suffi- 
ciently, all the air Is pressed out of the balloon, which is 
then set over the quill of the cock, and the receiver 
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with .1 short neck of the width of one s finger, until the sides are moistened 
with it in every part, and then pouring ont the excess. After drying, the 
film of collodion is loosened carefully from the neck of the flask and tied 
around a small tube. The air within is tlien carefully exhausted hj 
suction, the film thus grfidnally detached from the glass and drawn out. 

To send up a MontgolSer balloon, it will be necessary to suspend it 
from a thread carried over two pulleys in the ceiling and counterpoised 
by a weight. On Seating the air within by a spirit-lamp, the balloon 
may be made to rise : or a piece of sponge, soaked in alcohol, and 
fixed inside the hoop of the opening, may be set on fire. Withont the 
counterpoise referred to, the volume of the balloon reqaired will be larger 
than is convenient for a lecture-room. 

[112] Diffusion of gases. — This experiment is usually performed 
with carbonic acid gas, poured out of a vessel into a larger one filled 
with air. A wire is bent into a hook, and on the hook is placed a piece 
of wax-candle. If the ignited candle be let down into the larger vessel 
it will be extinguished, but on repeating the experiment soon after, 
less carbonic acid will be found, and the light will ultimately burn freely. 
In pouring out the carbonic acid, (which also shows its greater specific 
gravity,) the two cylinders must be inclined to each other, and the 
emptying performed slowly; otherwise the carbonic acid will become 
so mixed with atmospheric air that the light will not be extinguished. 

The experiment may be varied, by taking two vessels with equal mouths, 
filling one with oxygen and the other with hydrogen, inverting the 
hydrogen vessel over the other, and connecting the mouths of both by a 
strip of india-rubber. In a short time both will contain explosive gas, 
which may be shown by igniting a small portion of it. The apparatus 
fig. 216 is still more convenient for this purpose. 

[113] Absorption of gases. — l. "When powdered qnick-lime and 
sal ammoniac are mixed together and heated in a small retort over 
a spirit-lamp, ammonia will be liberated, and may be collected over 
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Fig. 216. 



ip 



mercury in a glass tube about a finger's breadth in diameter, aad closed 
at one end. The mercury may be kept in a low tumbler, 2 or 3 ponuds 
being sufficient. If now the tube, when filled with gas and 
the mouth closed by the finger, be uncovered under water, 
this will rapidly absorb the ammonia, and rush up into the 
tube. 

2. Carbonic acid is generated from chalk and sulphuric 
acid, and collected in a tube as in the last experiment. A 
bit of recently-heated charcoal is introduced under the 
mercury into the tube of carbonic acid gas, when it will 
absorb a groat portion of the latter. Alter the experiment 
it will be well to pound up the coal, to recover any mercury 
which may have been absorbed. The gas may be liberated 
from the coal again by placing the apparatus under the 
receiver of an air-pump, and exhausting the air. 

[114] Breath images.— To produce the breath 
images of Moser several methods may be employed, some 
of which are as follows : — 

1. Cut any desired image out of card paper, lay it upon 
a glass plate, and breathe upon it. After the deposit of 
moisture has evaporated, remove the plate and breathe 
upon the plate again; the part formerly covered by the 
figure will condense the moisture in a different manner from the rest, and 
the figure again become visible. The experiment may be often repeated, 
and at considerable intervals, with equally satisfactory results. 

2. On a glass plate well rubbed off with freshly heated Tripoli, or upon 
a plate cleaned ready for a daguerreotype image, place a seal of metal or 
stone which has not been recently cleaned off, allowing it to remain for 
some hours. The plate, on being moistened, will show the image of the 
stamp. Or, inversely, the stamp or sea! may be cleaned, instead of the 
plate. Even without fresh cleaning, images may sometimes be obtained, 
although a longer exposure is required. Difference of temperature in 
the bodies facilitates the formation of the images. Instead of breathing 
on the metal plate, it may be exposed in the daguerreotype mercurial 
apparatus to the vapor of mercury, by which means the images will remain 
permanent. They vrill also become visible by exposure to the vapor of 
iodine, or, at least, they appear when the iodized plate is brought out to 
the light. Coins are less adapted to this experiment than seals or gems, 
especially when the latter have a simple drawing or writing on a clean 
surface. 
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EXPERIMENTS ON MOTION. 



(a.) EXPERIMENTS ON VARIOUS KINDS OF MOTION. 

[115] Free fall.— The laws of the free fall of bodies are shown by 
means of Atwood's machine, the general arrangement of which is 
shown in fig. 31T. In purchasing this machine, atteotiou should be paid 
to haYiitg a seconds pendnlum, which shall pi' ^i i- 

release the failing weight. This release 
can, indeed, bo effected by hand, with the 
use of any other pendulum, and the re- 
quisite skill may soon be attained by 
practice, bat this is lost again from year 
to year, and before ea^h new experiment 
fresh practice is necessary. The wheel 
must move very easily, and, to secure this, 
it mnst run on steel points; the points 
of the axis and the bearings must be wiped 
clean after use, to prevent their becoming 
gummy, and fresh oil must be applied 
each time before using it. Friction 
wheels increase the cost of the apparatus 
very considerably, and, if the work be 
otherwise good, are unnecessary. When 
the wheel is a solid disk of uniform thick- 
ness, half its weight must be added to the 
other two weights of the machine, in order 
to calculate the accelerating weight which 
must be added: no rule can be given for 
open wheels, which are lighter, but the 
accelerating weight mnst be determined 
by experiment. It is better, therefore, to 
choose a solid wheel. To place the scale, the divisions of which should be 
about an inch in length, perpendicularly, the arresting ring is fixed to the 

fl35) 
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[116] Motion of projectiles. — The parabolic motion of projec- 
tiles can be most readily shown by means of the apparatus represented in 
fig. 219, in which a ball rolling dowa the groove a b acquires such a 
velocity as to describe the parabola b, 1, 4, g. The groove tt 6 forms part 
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of a circle, and is carefully smootheii out witb pumice, Care mast be 
taken that the hoiizontal line c d, extending from the end of the groove 
Fig. 319.. 




a h along the boarl 6 <? be actually tangent to the curve of the groove. 

As the theoretical velocity of projection can never be attained it will be 

best, befoie de&ciibing the paiibola to let the ball roll do«n the groove 

and thus determine the random by experiment and afterwaidb to draw 

the correspondmg parabola c 1 4 3 The base contain? a cmty m n 

filled with sand to ane'*t the motion of the ball Before expenmenting, 

the appaiatns mnst be pla el in a veiticil positicn b^ means of leveling 

screws. The boaid h e hould be made of light colored wood so that 

the well d fined hnc ot curve „ ,,^ 

, , Fiq 220 

may be seen at a distance ,, ^ 

Any wood may be u od if it 

bo painted white or coveied 

with paper 

[117] Rotaiy motion 

— The laws of central motion 
are well ilinstrated by the 
apparatus in fig. 220. In its 
essential features it consists 




) 
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of a large wheel A A, connected by an endleas cord with a smaller wheel 
B, on the axis of which various appendages may be screwed, and thus 
set in rapid rotation. The latter has one pivot on the base board, and 
the other in the cross-piece c c ; this is even on the top, to allow a circular 
hoard to be screwed upon it, for the performance of a certain electrical ex- 
periment. The axis of B, with its screw, mnat project above this board, 
represented in the figure by a dotted line. In constructing the apparatns, 
care must be taken to have the two wheels in a simple proportion to each 
other, so that the number of revolutions which the smaller makes in a 
given time may be easily deduced from those of the larger. For aniform 
motion, the larger wheel should have considerable weight, so as to admit 
of the apparatus being used for other experiments than those now referred 
tOj e.g. on sound. This can be effected by screwing a cast-iron ring to 
the under side of the wheel. The ring can be cast at any foundry, from a 
pattern cut out of ^ inch board, and the few holes necessary for its 
attachment by screws are easily drilled out. To keep the cord at any 
required degree of tension, the axis of the driving-wheel may be made to 
move along the base board c c, fig. 221, and secured by a clamp a. The 



>.^^ ' !: ' l *g^V 




axis must then rest firmly npon the cross-piece m, m, with a square shoulder 
passing through m m and n n and ending in a screw with a nut and 
washer, which presses both cross-pieces firmly against the base board. 

Instead of this mode of fastening the driving-wheel, the sliding piece B, 
figs. 222 and 22§, may be inserted into the base board, carrying the fixed 

Fig. 222. 




is of tne wheel, and adjustable to the proper tension of the cord by a 
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screw la this figuie the dnviiig wheel is of iron The pulley-wheel 
r iiis on a acrevr below •md the upper end of the ix s w orks m the brace 

Fig 323 



[gs:^ 



D this arrangement is however not suitdl Ic for the attachment of the 
circular i oa d betoi e mentione 1 

[118] Experiments with the whirling machine.— Screw 

on to the pulley the apparatus shown in fig. 224, y'g the natural size. It 
Fiq 224 





consists of a thick block a h, loaded above and below with lea^l, which n 
not be more than an mch thick, if the driving-wheel is heavy e 
Two uprights a c and b d are mortised into the ends A polished steel 
rod e / goes through these uprights, and is fastened by a head at one 
end, and a screw and nut at the other. It should be 1 to 1^ lines thick. 
The wooden or ivory ball g slides easily on this rod hy a hole through 
the center. Four brasa rods h h are fixed exactly m a square at equal 
distances from the center of rotation, and connected by eross rods with 
screws passing over the wire ef. Two of them serve as supports for the 
pulley i, BO adjusted that the axis of motion shall be tangent to its circum- 
ference. A silken cord passing over this pulley connects the ball g with 
the little brass platform shown in fig. 225. Ite disk k h is just large 
enough to move up and down freely between the 
rods h h without escaping from them. A number 
of disks, like fig. 226, can also be laid on the plat- 
form, and their weight is so arranged that half of 
the weight of the platform can 



Fig. 335. Fig. 2 



d by Google 



140 PHYSICAL EXPERIMENTATION. 

unity Tlie cord has three loops by which the ball j can be placed at 
distaiiCBb from the center which ire to each othei 13 3 

Wo may now ahow m a general way thit with the same \ usition of 
the ball the gieater the neight to be la sed the £;reatpr rmst be the 
TeioGity of lutation and that when the bail is mived from the distance 
1 to 3 and the speed of the wheel reduced to one thiid so that the ball 
moves in its oibit with the same vulocity as at the distance 1 the weight 
will not be raised without acceleiatiag the Ktation By means of a pen 
dnlum the number of revolationa of the dnvm^ wheel in a Ruen time 
may be ascfrtained and from the ratio of this wheel to the pulley the 
nambor of reTolutions of the ball aie known Computing from this the 
periods correspon ling to the radu 1 2 3 it may be shown by calculation 
that m any two succe'fsive expenments the centrifugal f ices deduced 
from the radii and the pernds of reyolution are proportional to the 
weights laised In this experiment the velocity mubt be very gradually 
increased and maintained uniformly which la much easiei with a very 
heavy driving wheel "With a little practi e the wp ght may be held 
suspended at a little height an I the \ eriod of revolution then estimite \ 
with a pendulum The exact moment of raisiig the weight ii easily 
observed by pasting a disk of white japer exactly the s^me size ai the 
weights on the boaid diiectly beneath them bO as not to be visible nntil 
they aie lased 

(2) The arrangement fig 231 is designed to show that with equal 
Fig 221 



periods of revolution the centrifugal force is proportional to the weight 
as well as to the radius The weights of the two ivory ball a b are m 
the piopoitioi of 2 1 and both slide easily on the w re nri wh ch 
must not be ovei a line in ilyiiX ess aid very mif rm The ballt, are 
connected by a ^illc cord and are placed for the exj eiiment at di tances 
from tl e center mversely proportional to their weight If this t e exactly 
attained the balls will retain then position at every vebcity 
Fij 338 



(3) The influence of mass may be shown by the apparatus 
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a b, c d are two glass tubes about the thickuess of a finger, sealed at one 
end. They are ^ filled with mercury, ^ with water, and ^ left empty, 
and the end tightly closed with a good cork. The upper ends are let a 
little way into the uprights vi n, and the lower ends held fast by the semi- 
cylindrical blocli e, which is excavated to receive the corked ends and 
screwed down to the base board. When the apparatus is set in rapid 
rotation, the contents of the tubes assume an inverted position, the 
mercury appearing above and the air below at b and c. The rapid increase 
of the eentrJfagal force with the velocity of rotation may be exhibited 
very well by slinging a tumbler filled with water, by three cords, as seen 
in fig. 229, and whirling it rapidly round the head. 

The same esperiment can bo shown more neatly with the apparatus 

fig. 230, consisting of a globular glass vessel cemented to a wooden foot, 

by which it can be screwed to the whirling machine. Mercury and 

colored water are poured into the vessel in quantities not quite aufScient 

Fig. 229. Fig. 231. 
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the figure, and the lower end screwed down fast. When rapidly turned, 
the hoop describes a spheroid. Two hoops fastened on the rods at right 
angles to each other show the form of the spheroid more distinctly. 
The effect of rotary motion may be illustiated very Tiell by means of 
Fig. 232. 





the centrifugal railway, which cin be pur- 
chased in the toj shop--, oi made m a very 
simple way, by fastening a gutter of tin to 
a board, as shown in fig. 232. The diam- 
eter of the ring should not exceed -^^ of tie 
height of the fall. A smooth bullet laid 
in the top of this trough will nm through 
its whole length. 

(&) 27ie ( entrifugal pendulum. This 
arrangement is instructive on account of its 
use m the steam-engine. An upright rod 
b IS fixed into the cap a, fig. 333, which 
screws on the axis of the machine. The 
two pendulums ppwork on hinges at the 
top of thi3 lod, but can only move in the 
slits of the arc m n, shown in section in fig, 
234. The more rapidly tlie machine is 
turned, the more rapidly the balls diverge. 
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[119] The gyroscope. — This apparatus cousists of aheavy metallic 

ring, revolving on an axis which is hung in gimbals, like the mariner's 

compass, so as to be free to assume any 

^9- ^S4, position. It is also contrived so that 

'"I r - ^^°^^~ I" " the prolongation of the axis may be 

supported at one end on a steel pivot 
while the other end moves freely around it. When set in rapid rotation, 
and one end of the axis thus supported, the ring will revolve around the 
support in the direction in which the particles at the bottom are moving, 
The details of its construction vary so much that no general directions 
for its management can be given. This apparatus illnstrates very beauti- 
fully the effect of the ceiitrifngal force of each particle in resisting any 
change of the plane of rotation. A clear comprehension of this prineiple 
is necessary in order to understand the cause of the change of seasons.* 

[liO] Poucault's expeiiment — The principle jf this espen 
ment which prove-i the earth s rotation on its axis from the apparent 
lotatinn of the plane of oscillation of t pendulum may be clearly 
lUustritcd by screwing the apparatus fig 3o5 on the wLirhng mEwhine, 
setting the pendulum m mo 

tion and turning the machme -^'3 2o5 Fig 23b 

very slowly As the ball is 
suspended by a very fine 
thread the apparatu'* m^y be 
turned a number of times be 
fore the torsion of the thiead 
changes the plane of oscilla 
lion Its application to the 
rotabon of the earth mty he 
shown by settm^ the little 
arch on the meiidian of a 
globe h^ 236 andshowingits 
action at the poles and it the 
e quit or 

In mal lUg Foncault a ex 
periment thi- fir t requisite is 
a firm, lofty point of suspension, with a height of 20 feet or over ; the rest 
is very easily managed. The experiment succeeds, indeed, with a pendulum 
from 14 to 15 feet long, so far as to show the apparent revolution of the 
plane of oscillation from west through north to east; but the amount of 




* Very excellent gyroscopes aro boM by the Holbrook School Apparatu 
fiiotuiiiig Co., in Hartford, for fS. — I^atu. 
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m t m t m more and sometimes less than 15 X sin. ^ (y^ = kti- 

t d ) 

Th [ dim hould be a cannon ball, of at least 12 lbs. weight. It 
hill 11 d to float OE mercury and the uppermost point marked as 
th p t f p sion, flrst with chalk and afterwards with the center 
d 11 W th a el of proper shape, the experiment does not require 
m h m J If the point of the drill be blunted in marking the spot, 
t II t 1 [ ble to work the ball properly, and heating will not 
m It Th b U must be centered in a lathe on the spot marked, and 
t 1 t ly A hole about J of an inch in diameter must then be 

1 d th £fh th enter, a piece of wood shaped like fig. SSt insertod in 
th 1 w d d the upper end bored out wider and an internal screw 
t t t a brass plug, as in fig. 338. This plug must be bored 

Fj 237 

Fig. 338, 



! 



nearly through from the under side, turned ofl' concentric with the ball, 
and a hole the size of a fine knitting-needle bored quite through in the 
center. A steel or iron wire, just strong enough to support the ball, is 
inserted through this hole, and fastened by wrapping it around a bit of 
Btout brass wire resting against the bottom of the plug. The upper point 
of suspension may be formed by simply boring a fine hole through a stout 
hook, passing the wire through it, and wrapping the end around the shaft 
of the hook ; but a better mode of suspension is shown in figs. 239 and 240. 
A polished steel plate with a slightly concave surface is inserted in the 
upper side of the hook, and the steel stirrup supported on it by the steel 
pin b ; the wire passes through the email hole a in the stirrup. 

Before making the experiment, the ball must be allowed to hang quietly 
for a considerable time, in order to stretch the wire and destroy the 
torsion, which may be aided by the hand. 
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FasteE a string to a nail in tlie direction in which the penrtulum its to 
move, and ohserve exactly the point of the ball which lies m a straight 
Fig. 239. r,g 340 





line between this nail and the wire, and mark it with (halli M^Le t nile 
loop on the btnnif, fix this around the middle ot the ball and ilnw the 
bail out, as far aaits vibrations are to extend, by winding the stung aronnd 
the nail; the arc of vibration should not be very long Turn the ball in 
its sling, until the point marked is again in the plme of the wiie and the 
nalL 

Describe upon a circular board the angles over which the pendulum 
will move every quarter of an hour, place the center of this board under 
the point, fig. 237, before fastening the ball in the sling, and let the point 
at which the graduation begins he in the lino between the wire and the 

When the ball ia perfectly still, which may be hastened by letting it 
strike gently against a stick the end of which is held on the floor, (it 
is better to wait about an hour,) set the ball in motion by burning off the 
string beyond the loop. 

[121] The pendulum. — The fall of bodies through chords and 
arcs on the diameter of a circle may be illustrated by the apparatus 
figs. 341 and 2i3 It consists of a wooden ring AAA, with a smooth 
groove aa a oa the inner side : this ring is fastened by means of a small 
foot to a base board with adjusting screws, and the foot itself is widened 
on one side ao as to firm a small dish to iiold sand. 

A very shallow dish or even a fiat hoard with an opening correspond- 
ing in depth ind breadth with the inner groove, is fixed to the top of the 
ring opposite the lower dish. One or more inclined planes mmnn, also 
grooved, can be screwed to the sides of the ring. 

Now suppose one of the chords mmnn he screwed on, and a ball held 

with one hand in the opening of the upper dish ; with the other hand 

10 
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hold a second ball on tt^t pait of the chord cortespondmg to the inner 

groove and let them fall simnltaaeously they will reach the bottom at 

Fig 341 iig 2-t2 




id 244 i 



iftstant. In the same way, balls may be allowed to roll 
the circle and its chord at the same time. The isoehronie 
cycloid may be easily illustrated by cutting out a board in 
a groove on the inner side. 

very conyenient for experiments 
with the pendulum. Its constrnctiou 
is as followa : the narrow upright a b, 
with an arm o, is secared to a stout 
triangular base, with or without level- 
ing screws. .A, number of small hooks 
are screwed into the under side of 
this arm, to which simple seconds 
pendulums of cork, lead, wax, stone, 
etc., are attached ; and also one 
beating half seconds, and another, 
to which small leaden balls are fast- 
ened, at short intervals. Tiie length 
of the seconds pendulums is measured 
from the bottom of the hook to the 
middle of the ball ; the proper length 
is easily attained by making the silk 
string longer than necessary and tying 
knots in it. The pendulum, made of 
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several leaden balls, is formed by screwing two little hooks into opposite 
sides of each ball and connecting them by cords. By casting the balls 
around a wire smoothly coated with asphaltnm, this may afterwards hs 
drawn out and the labor of boring the holes spared, which is no trifle in 
lead. This pendulum serves to illustrate the difference between the 
physical and the mathematical pendulum. Besides the arm c the upright 
has an iron bracliet d, which is figured on a larger scale in figs. 245 and 
246. The arm c a is riveted to the plate b, which is let into the wood of 
the stand and fastened with 6 screws. The forked ends a a of the arm 

F),g. 345. Fiff. 246. 



t^ 



have two semicircular depressions to serve as bearings for the iron plate 
dd, B, front view of which is seen in fig. 347 ; they are first worked out as 
accurately as possible with a file and then poUshed with emery on a 
cylinder of wood set in a lathe. The plate d d is wrought out of 
one piece, and the axles e e turned. Two plates of cast-steel, as hard 
as glass, and of the form shown in fig. 241, with highly poHshed cylin- 
drical faces are inserted in opposite sides of d d, as bearings for the 
knife edges of the pendulum. These two plates may be made by laying 
two pieces of cast-steel together, screwing them np in a vice, and then 
boring a hole through them so that one half of the hole shall be m each 
plate ; they are then ground together on a cylinder of brass with emery, 
filed to the proper shape, and then hardened. They are afterwards 
ground again with fine emery on wood, and polished with jeweler's rouge. 
The pendulum suspended in this manner is free to move in every direction 
and can assume at once a perpendicular position, so that the stand does 
not require to be leveled, thereby saving much trouble. 

The knife edges are made of cast-steel, shaped as accnrately as possible 
with the file, and hardened ; they are then ground with emery on a glass 
plate, to give them a straight edge. They may be finally polished with ■ 
rpnge on a linen rag. This can he done more rapidly, however, with a 
disk of wood 5 or 6 inches in diameter, coated on the edge and surface 
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with felt and fixed on the lathe. This disk y 

many optical instraments. It is smuareil th 
turned very rapidly. 

The pendulum rods are mmle of walnut ppl w 
meter square. Where tho knife edges go th gh tw 
b b, figs. 248 and 249, previously perforated t 

Fig. 248. Fig. 249. 
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such knife edges at the requisite 
distance to form a simple second's 
pendulum (^ 104 centimeters,) the 
othei has only one in the middle 
ioi experiments on ineitia Tho 
lods are graduated to (eatiraeteib 

The l>all-' are made of lead cast 
in wooden moulds coated with 
graphite. Through the mould is passed a short rectangular bar of smaoth 
iron slightly thielier on one side than on the other, as seen in the cross 
section, Dg. 250 ; the smaller side is about 1 centimeter in thickness. 
Points are marked with a punch on the ends of the bar, a 
Mg. 350. a little to one side of the center. This bar is set into the 
BbB^H mould so that the points marked will be in the center, and 
^^hR the opening in the weight therefore eccentric. The balls 
are afterwards turned off on this bar until they have the 
proper weight, and the bar is then knocked out. The weight of the bar 
IT,' yti must, of course, bo known, 

and likewise that of the 
Fig. 251a, brass piece h, figs. 251 and 
251 a. The latter is set in 
before inserting the bar, 
and completely fills the 
aperture ; the thumb-screw 
a pressing against this fast- 
ens the weight to the bar 
in any position. The edge 
b must be a whole number 
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of centimeters from the center of the ball. The ball maj be \ irni&hed 
black with shellac and lampblack. The balls may be held in phre by a 
simpler but not so neat arrangement, of two brass slides fa tened to 
the rods by thumb - screws ; the hole for the bar is then made squaie fig 
252. When the points where tho weights should be p -,f^-, p^ . i,^^ 
fixed for the reversion pendulum are calculated, they 
should be marked on the rod. The weight of the 
balls is also marked on them. 

For experiments on inertia, it is necessary to ha^e a 
small ball of about ^ to i lb. weight, 2 of 2 lbs. each, 
and 2 of ^ lb. To make the experiment, fix the 
heavy balls at equal distances from the point of sus- 
pension, and the lightest one at tho end of the rod, 
as in fig. S'lS, and observe how many beats the pen- 
dulum makes in a minute. The time of the beats 
will remain nnchanged if the ^ lb. weight be fised at 
twice the distance from the point of suspension. 

To make the experiraent with the reversion pendu- 
Inm, fasten two balls of equal weight to the rod with 
two knife edges, so that the middle of one will be 80 
and of the other 120 centimeters from one of the edges ; 
the time of vibration will then be nearly equal on 
both edges. 

[133] Pendulums with, audible beat.— A secoad pendulum 
constructed as above described, wil! go an hour or more but it is incon 
venient for many purposes, because its beat is not audible Ts mal e a 
pendulum which shall beat audibly, fasten to the top of the rod 
ferule a, fig. 25i, in which the iron tongue ^ 25^_ p^q 155 




a iron 



6 e is soldered. The axis passes through 
this tongue at e and a round pin through 
the top, upon which the bent hammer 
is hung through a slit r, fig 355. The 
strokes will then he audible, but must be 
conn ted. 

It is more convenient and advantage- 
ous to procnre from a clock-maker an 
arrangement with a ratchet-wheel and 
anchor escapement, with a hand fixed 
on the axi? to mark the seconds on a 
dial-plate, as seen in fig. 256. The 
a rod is then made of iron, so 
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that a leaden ball bored lengthvdse or sidewise can be fixed on it by a 
screw. For the short time during whicb tlie experiment will last, no 
compensation arrangement ia neceasary. The 
clock-work is supported on a frame, behind 
which the weight and the pendnlum hang. 
This frame should not be over 4 or 5 feet 
high so that the motion of the escapement 
can be conyeniently seen, as this arrangement 
serros at the same time to illustrate the 
commonest way in which a pendulum is con- 
nected with clock-work. To allow it to run 
longer, make the wheel around which the 
cord runs very small, and hang the weight 
. on a movable pulley. The pendulum must 
be regulated by a simple seconds pendulum 
or a good watch. 

A more complete but more expensive 
arrangement is shown in figs. 25T and 358, i to J the natnral size. 
The weight is so arranged that it can be wound up without stopping the 
motion of the clock. The ball may be made of cast-iron, and should not 
he less then 10 Ihs. in weight. 

[123] Impact. — For experiments on the laws of impact the inelastic 
bodies may he balls of unburnt clay of various sizes, into which hooks arc 
fixed while in a soft state. Th6ir weight may be adjusted with a rasp, 
after drying. But these balk have still some elasticity, and the results 
will, therefore, not correspond closely with the law. They are suspended 
by silk strings from a frame, such as is shown in fig. 259, of ^ the natural 
size. The hooks of the frame pass through long slits, and can be adjusted 
by means of two nuts, so that the balls shall just touch each other and 
their centers lie in the same straight iioe. The arrangement might be 
made cheaper by fastening the cords with cork pings. The experiments 
to illustrate the law are very simple : it is only necessary to see that the 
balls bang in the same straight lino, and not to make the impact too 
strong, for fear of breaking the balls; but, as already mentioned, the 
success of the experiment will be indifferent. 

Experiments with elastic bodies snceeed better. The balls for these 
are made of ivory or lignum-viteo ; five or six of them of the same size, 
one twice and another half as large. The same precautions must be 
observed. The balls will not break, but the results are not accordant 
when the velocity is too great, owing to the imperfect elasticity of ivory. 
Special care must be taken that the balls be barely in contact without 
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pr ss iig npm each otlier aiil that their 
lie 

Experiments on oi h jni, impact against a p!i 





placing the marble slab desciibed in ^ 7 ^ upiight on a tible and suspend 
ing a ball ly a single stung from any kind of a suppoit fig 2b0 
Desciibe the angles of intidoace and reflei'tion on the tible and give 
the ball an mpulse in the direction of one ot these lines The less 
perfeut the elasticity of the hall the less will be the angle of refleution 
compared with the angle of incidence esppcially when the latter is great 
In the case of ivory the ball glides during the compression alona: the 
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aurfacj of the slab, by wMeh the portion of the yeloeity which is parallel 
Fig. 259. 




to the slab is diminished and after 



ebiundi the ball falls perpen- 




c]i(ularl> against the BUiface The es- 
peiiment succeeds the first time, how- 
ETei Teij well The law of impact 
cannot be so well illustrated on a billiard 
table, beeanse the balls have, besides the 
gliding motion, which fails entirely when 
the stroke is feeble, a rotary motion, 
which sometimes coincides in direction 
with the gliding one, sometimes opposes, 
or even makes an angle with it. The 
imperfect elasticity of iTory is partic- 
ularly evident in the case of oblique im- 
pact between two balls, where, if the 
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elasticity were perfect, the balls should diverge at right angles after 
the impact. 

[124] Friction. — For these esperiments the a,pparatus shown in 
fig. 75 may be taken when it is only repaired to show the amount of 
friction of wood npon wood, and illustrate the principal laws of friction, 
i'or this purpose a vertical prism of wood with unequal faces is drawn 
over the horizontal board by weights, with the fibers sometimes parallel, 
Bometimes perpendicular to those of the board. The prism must have a 
hook for each position in which it is used, so that the cord passing over 
the pulley, to which the weight is attached, shall a]waj=! be horizoutal. 

The angle of inclination may also be determined at which the prism 
begins to slide down the inclined plane, and the force acting parallel 
to the plane calculated from this. 



3 used to show the difference of 
Fij 361 



The apparatas seen in fig. 361 ms 
friction upon difl'erent substances. 
The wheel A A i'i made of wood 
saturated with hot oil, or of brass; 
a band passes over it, having a 
small scale pan at each end. These 
are loaded with a considerable 
weight, and the excess of weight 
noted which is required to be laid 
in one pau to turn the wheel when 
the axle rests successively on the 
friction wheels a a and the bearings 
m m m. Each pair of these bear- 
ings is made of a different material : 
iron, brass, gun-metal, zinc, wood, 
etc., but all bored alike and equally 
well polished The experiment 
may be made « ith and without 
grease. The apparatns is supported ou a suitable wooden frame. 
This is, of course, not sufficient to determine the coefficients of friction, 
bat only to show that tho friction varies with the substance used. Friction, 
rollers deserve especial notice, because they are indispensable in hanging 
large bells. 
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{&.) EXPERIMENTS ON HYDRODYNAMICS. 
[125] Velocity of OfflUX. — Since Torricelli's law holds good only 
wlien the velocity of the fluid in the vessel is so small in proportion to 
that of the stream flowing out that it may be neglected, it requires a 
tolerably wide vessel, and the velocity of efflux is still reduced 1 per cent, 
when the diameter of the vessel is 100 times greater than that of the 
opening. A tin vessel, like that sliown in fig. 2G3, J,, the actual size, is 
chosen for the experiments and provided with a communicating tube at 
the aide, graduated to inches and tenttis, so that the height of the water 
in tiie vessel may bo conveniently obserifed There maybe four openings, 





of which m is 4 and n 16, or any whole nnmber of inches from the 
level to which the vessel is to be filled, as indicated by the scale. All 
these apertures consist of short tubes, 2 inches in diameter, set in the 
sides of .the vessel w w and closed by a valve hke fig. 263, which can be 
opened by a wire or cord. The real outlet tnbes are screwed into these; 
they have sharp edges and vary in diameter from ^ to 1 line. Into the 
lowest opening the tube 6, fig. 2G3, is set in such a manner that it can be 
turned on its axis ; the outlet tube c is inserted in this, and the inclination 
of c may be read off on the graduated circle fixed to b and turning on a. 
Water is introduced from a second vessel as fast as it flows out of the 
first, so as always to maintain the fluid at the same level ; but with very 
small outlet tubes this precaution is not necessary if the stream be allowed 
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to flow but a short time. iDstead of the valve shown in fig. 263 the tube 

may be furnished with a slide outside of the vessel, as in fig. 261, which has 

the advantage of not disturbing the flow of the watfir when opened as the 

valve does. It wonid be better still to have 

each outlet tube provided with such a slide 

close to its mouth, and the tube a furnished 

with a, valve which could be closed while 

changing the tubes. With the arrangement 

in which the tube is closed some distance 

from its mouth, it is necessary to open the 

valve and allow the water to flow out until it 

flows quietly, and then at a certain moment 

to begin to collect it, and cease before closing 

the valve ; because after the valve is opened 

the wide tube a must be filled, and emptied 

after closing it, which gives inaccurate results. 

But this procedure always makes the room 

very wet The revolving tube c, fig. 263, serves to compare the vertical 

height to which the stream is thrown with the height of the column, and 

the- range at different elevations with each other and with the vertical 

height, and to exhibit the parabolic curve of the stream. 

The fourth opening, in the bottom of the vessel, serves for the same 
experiment as m and n ; the stand has a hole through it for this purpose. 
The tray around the bottom of the vessel is to catch any water that may 
leak through the valves. 

The quantity of water which has flowed out is most easily ascer- 
tained by weighing, and for this reason it is very convenient to have 
the apparatus graduated by French measure, so that gramme weights can 
be used, which saves all trouble of reduction. 

If one of the outlet tubes be provided with several conical openings 
instead of one opening in the thin wall, their effect may also be shown. 
The effect of long cylindrical tubes on the quantity of water delivered 
may be shown by taking two pieces of the same glass tube, one four 
times as long as the other, and inserting them Buccessively in the aper- 
ture by means of corks. 

The duration of the experiments must be estimated by a watch with a 
second hand, or a seconds pendulum with audible tick. The time must 
in this, as in all other similar cases, be counted from and not from 1 as 
is apt to happen. 

To experiment on the range, the horizontal range should be chosen. 
Prom the height of the aperture above the floor calcnlate the time 
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required to fall this distance, and from the observed velocity, tlie distance 
of projection for this time : mark this on the floor, and the stream will 
always fall osactlj on the spot indicated ; whereas the vertical projection 
will be at most only about 95 per cent, of the height of the column. 

lu experimenting on the quantity flowing out, the outlet tubes used 
must not be too small, in order to obtain actually 63 per cent, of the 
theoretical efflux, i.e. of the quantity obtained by multiplying the area of 
the opening by tho calculated velocity. Of course the area of the aper- 
ture must be very accurately determined, within at least O'l millimeter. 
If the apparatus be ordered of a mechanic it should be required that the 
diameter of the openings should be expreaaiblo in as small units as 
possible, e.g. in millimeters. 

Such a vessel as is here described is rather expensive, but the esperi- 
menta can be made witii Mariotte's vase, to be described directly, or with 
any vessel of sufflcient width and about 6 inches in height Bore a hole 
exactly 2 millimeters wide ia the side of the vessel, and another a centi- 
meter wide, and solder a short tin tube to it^ Close the openings with 
cork, and do not begin to collect the water until it flows quietly. To 
change the apertures the vessel must first bo emptied. With Mariotte's 
vase this is not necessary, the air tube need onIy.be closed and the vessel 
inclined to one side to insert any tube. 

[126] Mariotte's vase.- — A small vase of this kind is an interesting 
piece of apparatus from thporetieil considerations and ia very eisily eon- 
atrueted A atout glass bottle is closed with a good coik fig 2b5 A 
piece of birometer tnl e a open at both ends and 
drawn out a little at the lower end is heated nearly 
hot enough to burn the coik and pushed through 
a hole bored in it a little smaller than the tube by 
which a very tight joint will be made Bore a hole 
in the side of the bottle with a copper nng about 
hili an in;,h in diameter and cement over it a tin 
tnbe a httle nider than tho opening with a nm 
iitting accurately to tho surface of the gia=is This, 
tube may be arranged to receive various escape tubes 
or a short glass tube v fatted into it with a cork. 
This apparatus is very convenient when a continuous, uniform, and not 
very lai-ge stream of water is required for any purpose. For experiments 
on efflux proper it must have a capacity of 3 or 4 quarts and allow a 
vertical pressure (i.e. the distance between the lower end of the tube a 
and the level of the, escape pipe) of about 12 centimeters. Although 
the pulsations in the stream caused by the entrance of air bubbles are 
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verj perceptible with a lower colamn of water than this, tolerably correct 
results will still be obtained. Tubulated bottles suitable for this appa- 
ratus may be obtained at small expense. 

If the object be only to obtain a uniform stream of water, the bottle 
does not require any aperture in the side ; it is only necessary to bore two 
holes in the cork, and insert beside the air tube a siphon reaching nearly 
to the bottom of the bottle, 

[12T] Tlie cliaraeter of a stream, of water flowing 

Tertically downward caE be best shown by means of a tin vessel 
with a small hole in its bottom, uniform pressure not being required in 
this case. The same is shown, apart from the contraction of the stream, 
by water or quicksilver flowing through a siphon. 

[128] Baa^ker's mill. — As the object in instruction is more to 
show the effect of lateral prcssnre than to obtain the maximum of effect, 
it is not necessary to have the arms of the machine bent, and it may be 
made, in a very simple manner, of tin, as shown in fig. 266. The iron pin 
a, soldered to the bottom of the cylinder 4 
turns in a depression in the iron plate 5 Tl e Fig. SGG. 

bar c c rans across the open top of the cyl ndci 
and to it is screwed the pm i A strip <.f tm 
G G, strengthened at the edges and I ei t twice 
at right angles, is soldeied to the vessel B 
and serves as a guide for the pm f anl a 
support for an easily movmc; pulley e i. 
string is v/ound around the jm and passes over 
the pulley, to tlie end of which a small soilt 
pan to contain weights is attached It the 
experiment is to be cont nued SDme t mo the 
lower vessel B should hive an outlet tube A 
is easily kept full. 

[129] The wateraam — Mohi has devised an ipparatns on a 
small scale, which exhibits the action of this machine very well, and can 
be constructed without much expense It in leprcsented in figs 3G7 and 
268. The cistern h ia snppoiteiJ on a fiame which contains another 
cistern below, upon the bottom of which the lower parts of %, 267 rest. 
The tube /which conducts the 'nator doi^nward is made either of glass or 
lead: the lower end of it s temei tel into the valve shown in natural size 
in fig. 268; the part g which passes through the co k must he of glass. 
After the end of g is pa sed through the cork a tm tube with a simple 
flap valve is cemented to it The tube p serves as the jet. The puppet 
valve, fig. 268, consists of a flat mptal plate with i lod working through 
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the stirrup d', the length of the stroke is regnlated by the ball r, whicli 
screws up aad down ; the weight maj be adjusted by little plates of lead 




strung OB the rod. The tnbes a and b are made of tin. It requires 
some patience to regulate the yalve, for the apparatus does not always 
work at first 
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(c.) EXPERIMENTS ON THE MOTIOIT OF GASES. 

[130] The gasometer. — The form of gasometer whicli is generally 
used is sliown in fig. 269, y'g the aatnral size. The cistern b is connected 
with the vessel below by two 

solid supports c c and two pig. 2G9. 

tubes furnished with stop- 
cocks, of which a reaches 
from the bottom of the upper 
vessel nearly to the bottom 
of the lower one, but h only 
enters the arched top of the 
lower vessel : (Ms a fehort 
tube sloping upward, and 
capable of being closed with 
a cork; e is the di'.charge 
pipe ; and g a gauge to show 
the height of the water in the 
vessel. It is weO to have the 
gauge lie in a depression in 
the side of the vessel made to 
receive it, where it will be 
less exposed to injury. To 
fdl the gasometer with water 
close d, open the stop-eoLkf at a 6 and e and pc ir v, nor n the npper 
vessel B, which will expel the air through 6 ind e When the water 
begins to low through e, cl lae the stop cock and expel the rest of the air 
through b. To fill it with ^la close all the stop cocks open d, and intro- 
duce through the opening a gas tnbe Ijent slightly upwai 1 the water will 
flow oat beside it as fast as the gai enters "When the vessel A is filled 
with gas, close d. The gas may either be drawn off thit ugh e, or allowed 
to rise through h into a bell j,1ms In either case the vessel B is filled 
with water and the cock a opened The ga ometer may be cheaply 
constructed of zinc, and the stop cocks puichise 1 from a plnmber or a 
gas-fitter. The stop-cock e need not end n a screw the tubes may be 
connected with it by india lubber 

A cheaper gasometer miy be made on a small scale like those used at 
the gas-works. Fig. 270 represents one of this k nd mide of zinc, with 
a leaden tube which serves both to mtrodnoe and deliver the gas. If 
made of larger dimensions so as to 1 ave the innei cyli ider much over 5 
or 6 inches wide, it becomes too heavy when filled to be carried about. 




JI'IBT * ■ I-HI'ijI 



d by Google 



160 PnrSICAL EXPERIMENTATION. 

Ib this case, the lower cylinder should contain an air-tight hollow cylinder, 
so as to leare only a narrow space between the sides of the two for the 




V ni I 1 iiiei cjl 1pi dip« Fig 2T1 lejjresent such au 

apparatus la section, the t-unductrng pipe bern^, carried up alon^ the 
side of the inner cylinder 

To fill such a gasometei open the cock remoye the weights fiom the 
moTable receivei and let it i\iik slowly into the water then connect the 
gas pipe with the generator by means of i gilbws seiew oi india rubbei 
tubing. The counterpoise weiglit should preponderate jast enjugh to 
Ofereome the friction 

[131] Plow of gases thlOUgh. tubes —illuminating gaa i the 
most convenibnt foi these espenmeuts Fill the gasometei with this 
connect with it a very small lead j ipe 1 foot in length open the cock and 
light the gas at the mouth of the tube and obserTe hon much burns in 
a given time Then replice the tube by one of the same size but raucli 
longer, not neglecting the length of the tabe« in the gasometer m the 
comparison and make the '<ame obseivatiou is before The =!ize ot the 
flame gives 1 very decided indication of the diminution in the quantity 
delivered, when the pre<!sure on the j,as does not exceed one centimetei 
of water. 

The gasometer may be filled by connecting it by a flexible tube with u, 
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ffth tU 



ga bu cr A ^re e ga ^e 1 ke fl|, 3T* hut lo I le the & ze f tlie 
draw ng s bcrewe 1 nto tl e t ) nt the rece er an I the reqn te we ^ht 
lad on 

[1 "] The expeiiment of Clement and 
Desormes —Take a c r ular ilate of t n M M hg Fig ^l" 

^ from ** to 4 nches n d ameter w th a hole in the 
ent« solle a colla 1 to tlus and cement a glass tube 
a uto it Blow 1 t the tube wh le hold ng the \ late 
vert ally with a sheet of paper parallel to it and ^ an 
nch d tant the paper vill lastantly close over the 
open g tnt osc Hate ba kward anl f rwa d before it 
he apparat <t ma} be var e I i j pas-s ng 3 i us through 
the 1 sk MM st ek ng a J sk of paateboard of the 
same b e on these so as to more freely nd ben I ng 
the over the t n disk s then held hor zontal as bee 
n the figure 

The appa atus s st 11 further a mj 1 fi.cd by thrust ng 
the gla a tnl e thro gh a short co k cutt nj, t off even 
} tube and then glu ng a d sk of tl n mooth 
i* or 3 mcl es w de to the cork a 1 p ere ng 
a hole through it Near the edge st ck th ee smooth p eces of wire and 
on these a d sk of tl ck paper of the sime a ao as the j.astcboar3 The 
1 ole tl e piper mn t be t le ably lar^e ^nd the en Is of the w es be t 
over 

Fg "U 




The action of tJie draught in locomotives depends on the same principle, 
the waste steam being aUowed to escape into the chimney, as may be 
shown by the apparatus flg. 214. A id & short, wide glass tube, which 
may ho cut off from a lamp chimney. Corks are cemented into both 
ends, and through one of them is passed a wide tube B, through the other 
a narrow tube G, drawn out to a point. A hole, 1^ or 3 lines in diam- 
11 
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eter, is bored in the side of the tabe A, into wliicli is cemented a glass 
tube ab c, not over 1 line in diameter, bent like a siphon. The bnib at 
c is convenient but not at all necessary. If the tube a & c be partly 
filled with water, it will rise in the tube by blowing ia at the narrow tube 
G, and fall when the blast is in the opposite direction. Tlie most effective 
position is sought by moving the tubes back and forward, for which 
reason they should not be cemented. 

The experiment may be still further varied, by laying a few burning 
coals in a funnel-shaped expansion of the tube a be, and blowing through 
the narrow tube : a good draught will be created over the coals. 
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EXPERIMENTS ON ACOUSTICS. 



[133] Waves in water. — It is necessary here to recall obser- 
vations which might oftea be made, in respect to the simplest phenom- 
ena. For this purpose a large tnb filled with water is used, iato 
which a drop of water is let fall from a pipette, to show the effect of a 
single drop, and then several drops, on the same spot, at regular interTale, 
to form a system of waves. In the same manner two systems of waves 
are created, whose centers are at some distance apart, to show the inter- 
ference of the two systems. Finally, the reflection of the waves by the 
sides of the tub, or by a board placed in it, is exhibited. By placing in 
the tub a board with a slit an inch wide, the bending of the waves niay 



Miiiier's stroboscopic dists, and Wheatstono's apparatus, as improved 
by Eisenlohr, are very well adapted to exhibit these, and all other phe- 
nomena of undulation. The latter is rather expensive, but has the 
advantage that the phenomena can be shown to the whole audience at 
once. The following apparatus can easily be made anywhere. Fig. 215 
Fig. 275. ' 




shows an axis made of bent wire, terminating at one end in a screw, on 
which the woodeu ball a is screwed, which carries in turn a large glass 
bead 6 on a slender wire. The other end forms a winch. Two shoulders 
c c soldered to the axis prevent it from slipping about. About twenty 
such wires, without the shoulders c c or the winch, and about half as 
thick, are fixed in the box A, flg. 316, which furnishes a common support 
for all, the axis flg. 315 being placed in the middle The sides of the 
box are made in two pieces, as shown by the dotted line, and tlie wires are 

(163) 
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laid ill their places before putting the pieces togeth 
all on the same sido. The craDks/ of all these wires are 
Y the bar e, 



the kQobs being 




board, 3 op 4 inches long, with elliptical i 
elliptical hole through a piece of hard 



216, which 
s tsoftwostripsunited 
by screws, so that all the 
a'^e can be tnrned by the 
mot on of one winch, The 
hnobs a, are now turned 
un the glass beads h 
o e jy the positions shown 
fo t succession of twelve 
n% 277. 

The following is a pretty 

esi er ment on the Reflec- 

n and Interference of 

\\ 'ives of Liquids : make a 

o ah of wood or paste- 

des If it be of wood, cut an 

■ood, and glue a bottom on it. 



.„y'- 



.../'"v,..yv..>v.vV^. 



'i-kiiM. 



J 



Fill the troogb with mercury, and let drops of mercury fall from a pipette 
on one of the foci: the waves reflected from the sides will interfere with 
the direct waves and form a little elevation at the other focus. It is well 
to have the pipette fastened in some way over the focus, in order to let 
the drops fall with better aim. 

[134] "Waves of a rope. — The rope used for this purpose should 
be as long as the room allows, and not too thick ; for a length of 20 feet, 
\ of an inch is thicli enough ; it nrast, above all, be very soft, and, there- 
fore, when a suitable old rope cannot he obtained, the new one must be 
rolled up and beaten with a wooden mallet on a block until it is quite 
soft. One end of the rope is fastened to the wall, and the other end held 



th h d 



ivthth 



t Ij kp d 



t t d I d t f th 
fl t d 1 k t th h 1 d th 



h h 



t th 



1 length 
ther end, is 
twice with 



g t m th h d 
gth that th y w 11 b 



y t f n a succession of 
t pa t f th whole length 
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of tlie rope, and the reflected waves will then coincide with the succeeding 
forward waves. 

[135] Nodes of vibration in bars.— In the holder described in 
one of the succeeding parugrapiis, Gx a bar of straight-grained pine wood, 
about 1 centimeter sqnare and 3 or 4 decimeters long. By strewing the 
upper side with sand, placing the inger at aboat one third the lengtli of 
the bar, and drawing a violin bow in a vertical direction over the bar 
near the finger, with a motion toward the holder, a node of vibration may- 
be produced. 

[136] Nodes of vibration in strings.— These are exhibited 
by the monochord, to be described presently. Care must be taken 
to make tlie strips of paper which lie on the nodal points very 
narrow ; they may also be of a difi'erent color from the rest. Fig. 2T8 
shows such a rider of the natural size. The degree of tension of the 
string is indifferent, if it only give a sound, and the bridge set 
under it form a little elevation, so that the string presses hard -^!/' 2i8. 
upon it. The vibration is best produced by a violin bow, m 

laid on near the bridge, and drawn at right angles to the §i[ 
string. 

[13T] Nodal points on siirfaces. Sound-figures. —in 

selecting panes of glass for this purpose, choose clear glass of uniform thick- 
ness aboat equal to that of ordinary window glass. When it is thicker it 
t yt 1 duce complicated figures. The size is indifferent, but 

t diffi It t ! tain complicated figures with small panes, and largo 
1 k ly 1 to 3 decimeters square is a good size. The sharp 
edg n t b rubbed off on a grindstone. The apparatus fig. 219 is 

ry n n t f holding the plates ; it 

m d f n ome tough wood. The ^''9 S:** 

little knob a and the round end of the 
screw are covered witli thick buckskin. It 
is damped on a table by the screw c. Tho 
vibrations should he produced with a 
violoncello bow, the violin bow is 
weak ; it is streiched tight and well rubbed I 
with rosin. 

To produce any given sound-figure, 
clamp the pane of glass at a crossing point " 
of the nodal lines between a and b, strew 
the surface with fine sand, hold the tip of the finger on a point of the 
edge of the glass near the point of attachment, to which a branch of a 
nodal line is to run, and draw the bow vertically downward across a part 
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of the edge where th* glass must have most motion, The stroke mnat 
generally be repeated several times before the figure ia developed. 
"Writing-sand is best for the purpose. A figure different from that 
sought will often be produced; this depends upon the variable elasticity 
of the glass in different directions. If it does not succeed with the three 
points chosen, try others. For the purposes of instruction it is, however, 
safEcient to show the perpendicular and the oblique cross on a square plate, 

dth 1 ptdtona round disk, and these seldom fail. 

F all f th th 1 1 t m 1 1 held by the middle, the linger held on 
1 mb f ih fi^ d tl 1 w drawn across the edge between two 

1 mb — th t f th rt 1 ss on a square plate, near one corner. 
Aft h I t th 1 th r which covers the knoba a and b mnst 

b f IJy f d f m 1 th wise a grain of sand may be forced into 

th gl by tl 1 f th ew, and then the gl wdl h k wh 

thbwdw tEt dth every precauti glas 11 tt 

b b k th ay th unavoidable difScuIty w t! gl d 

all the more annoying when it is desired, for an exp m t t 1 m 
tinned presently, to produce always the same pitch. M t 1 pi t Id 

therefore, he unquestionably superior, if it were not s d ffi It t i 
them of tolerably uniform elasticity. Complicated fig h h b 1 g 

to high notes, are easily obtained with a flat plat f b 1 t ti 
simple ones not so easily. The desired result is mo t ly bt d 
the following way : have a brass plate about Itolnllmt til d 
6 or a inches ou a side, beaten fiat with a woo len hamm fil t j 
and keep it a oniform red heat for 5 or 10 mm te h p f 1 

briskly fanned. After cooling slowly, polish it fi bt w th p m t 
and water, and afterwards with a piece of beechwood 1 1 d 1 

If the brass be good, the plate treated in th s way 11 Iw y th 

two crosses. 

To render the nodal lines of bell-shaped bodies vi 1 1 w d 1 

cylinder will answer, or even a thin-edged tumbler, P II t h If f 11 f 
water, and draw a well-rosined violin bow across th \ I Id th 
glass fast if necessary by two fingers near the bottom 

[138] Propagation of sound in tubes— T b f g tt 

percha, peculiarly adapted for this purpose, may now b bt 1 f y 
length. 

[139] Reflection of sound.— A concave mi 1 g d f tl 
reflection of heat may be used in these experiments. 4.wthl 11 tl 
focus can be heard at a considerable distance, when e yth g 1 

still. 

[140] The theory of the organ pipe 11 t t I m t 
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clearly by means of Professor Miiller's wave-disks. They, and the stro- 
boscopic disks in general, should be held 1^ to 2 feet from the mirror. 
Their eonatruction is explained in § ITT, fig- 351. 

[141] Experiments with pipes.' — A whole octave of wooden 
pipes may easily be had from an orKan-builder. A bellows with a wind- 
chest to fix the pipes into is convenient, bat not necessary ; if one is 
purchased, it should be arranged for about 13 pipes, and have keys. Into 
one is inserted a, plug, like fig. 280, the head of which is covered with 
leather on the sides, but not on the base, for oxpeiiraents on 
closed pipes. The depths to which this plug must bo pushed ^9- 280 
ID to produce the various notes of a whole octave, and such 
others as may be reqnired, should be marked on its stem. For 
the purpose of showing the nodes of vibration, or rather the 
waves between them, ia such a pipe, holes may be bored with 
a t It b ut 2 or C lines in diameter, and provided with 
k y Th I ya are easily made of a piere of wond, cut as 

h w Rg 281. A piece of sheepskin is glued to the 

b tt m f th key and the projecting end & of this leather 
ft 1 t th pipe, with the flesh side downward ; a wire 

p g to press the key against the opening. The 

hi m y I be closed with simple slides, but this requires 
m t workmanship. The simplest way is to close 

th m th th fi gers, but then the pipe can be used for no other purpose, 

d f hi must be made. A pipe 
f p m t of this kind must be -f*?- 281. 

m) t ly 1 ng, otherwise the waves 
will t f m t exactly the spot re- 
q d by th y because the vibrations 

\ p which the vibrations of the lip are produced by a small 

rr t f not regular near the end. The pipe must be at least 

tw f t I th. Four holes may be bored in the same pipe, one for 

th 1 d d nother for the open pipe, in the proper places, and two 

thrs tp t notcorrespondingtoanybelly, for the purpose of showing 
th ff t th ease also. The pipe must, however, be closed, not by a 
pi g b 1 1 y pasteboard cap, so that the length of the tube will not he 

It 1 Th hole for the open pipe is made in the middle of the length, 
tl t f th 1 ed pipe about ^ the length fVom the bottom. 

[142] To show that the pitch is not affected by the Material of the 
Pipe, a month-piece may be made as in fig. 282, and pipes of wood, tin, 
pasteboard, etc., of the same size and length, set on it; they will all give 
the same pitch but not the same timbre. This difference of sound ia still 
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greater whea the lip is made on the piece set on. But as the thickness 
of the wood at a acts as so-called " ears," making the tone deeper, similar 
pieces must he soldered on when the pipe is made of 
tin. The introduction of gas into the building makes 
it very easy to show the influence of the kind of gas 
blown through a pipe, on the pitch. It is only 
necessary to connect the pipe with a gas burner, by 
means of an india-rubber tube, to obtain a uniform 
tone, about one second higher than usual. With 
narrow pipes the experiment succeeds when the gas 
has a pressure only equal to 1 centimeter of water. 

To make Savart's experiment, in which sympathetic 
notes are produced in a tube by the vicinity of a 
sounding body, the following arrangement is best 
adapted : Make two tubes, about 3 or 4 inches in 
diameter, of pasteboard, so as to slide into one 
another, the larger of which is provided with a bottom. 
Mark a scale on the narrower tube on which tho Icngtli of the pipe can be 
leal off directly Select a glass bell giving a iither deep sound and 
deteimine its pitch by comparing it with a piano so as to be able to 
calculate the corresponding length of the pipe by assuming the number 
of vibiatiODS of <t as 440 and dividing the velocity of the plop^gatlon of 
iound by the iscertamed numbei of vibrations in order to obtain the 
Fi(j 283 length ot the wave the fourth part of which la the required 

lei gth of the closed p pe The tone of the bell should fall 
1 the minoi octane foi with high notes the icsult is 





!l which is not too narrow 
la with a tuning-fork ; it 
s deep and 2 to 4 
V with deep tones. 
I, place them up- 



very doubtful. Almost any v 

can be made to resound more o 

succeeds best with one about 1 i 

inches wide. The effect i 

Wlien the length of the tul 

right on the table, hold the bell by the knob, and draw the 

bow across it so as to produce its deepest tone ; this will 

often be tried in vain, but once obtained, it can be easily 

repeated. Hold the side of the vibrating hell close to the 

mouth of the tube. 

[14.S] The chemical harmonica.— For the ex- 
periment use a wide-bottomed flask, as seen in fig. 283, 
into which a long cork, pierced with two holes, fits tightly. 
Fit two glass tubes iJ t? tightly into these holes, without 
was. Draw out the tube j5 to a point, so as to leave only 
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a fine openiDg; G must be bsnt into the shape of a safety tuhe. The 
funnel on the end is useful to introduce fresh acid into the flask without 
talcing out the cork. Putin zinc, or iron filings, and sulphuric acid diluted 
with four times its weight of water to evolve hydrogen, and when the 
evolution is going on briskly let the flask stand for 10 minutes to allow 
the expulsion of all atmospheric air and explosive mixture before lighting 
the gas issuing from B. For greater safety, the flask should he wrapped 
with a strong cloth before lighting the gas. The lower end of B should 
be cut off obliquely, so that the drops of condensed water will fall off more 
readily. 

The jet must be of considerable length, and the tubes raised and sunk 
until the loud, and anything but agreeable, sound is produced. Tubes of 
various lengths give sounds of differeut pitch. 

[144] Hopkins' experiment to show the nodes of 

vibration. — Fasten a tube, 1| to 2 inches wide and 2 to 4 feet long, 
to the perpendicular part of a screw-clamp, and screw it to a table. A. 
glass plate would answer very well for the yibrating plate, but on account 
of the fragility of glass, a brass plate is preferable, because it is necessary 
always to produce the same tone. The plate needs no special preparation. 
Fasten it by the center in the holder, fig. 219, place it immediately under 
the tube, and endeavor, hy holding the finger and drawing the bow at 
different points, to produce a rather simple sound-flgure. Fig. 284 shows 
the arrangement of the whole apparatus. The reciprocal action of the 
tube on the plate induces in it much more readily a tone corresponding 
to the tube ; and it will be known at once, from the intensity of the tone, 
whether the air in the tube is sounding in unison. Having once obtained 
a figure, such that a division of it corresponding to the edge of the plate 
is aboat equal to the diameter of the tube, mark on the plate the spots 
where the finger Was held and the bow drawn, for, on account of the 
nnequal elasticity of the metal, it is seldom that any other points can be 
selected in place of them. The tube must then be placed at a distance 
of |- to 1 line above as lara;e a division of the figure as possible : one near 
the edge is best. Instead of the little frame usually figured covered with 
a thin membrane, it is better to take a metal hoop about 1 or 2 lines 
broad and half as great in diameter as the tube, and cover it with very fine 
paper in the same way as in stretching paper on a drawing board. This 
has the advantage that the sand does not slide off continually as it does 
on the square frame. A difference in tension of the paper according to the 
pitch is not at all necessary, if it were practicable. Suspend this by three 
strings uniting in one, and pass the string over the upper edge of the 
tube which is coated with paper, so that the frame may be kept at any 
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height bj a counterpoise weight. If a e 
desired fov tie salie of conTcnience, the c 
good ; it is made of wood. 
Fig. 284. 



tcial holder for the tube is 
J figured in fig. 285 is very 




Now spell foi the position in the tnbe in which tiie sand in the frame is 
least agitttcd when the bow is drann across the plate. Having found 
two such positions approximately it will be easy to deduce li'om their 
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appropriate distance and the lengtli of the tube, their true distance apart, 
since the distance between the nodal points is an aliquot part of the 
length of the tube, so that the highest and lowest knots must lie at half 
this Interval from the end of the tube. As soon as the correctness of 
these positions is verified by experiment, mark them, by pasting slips of 
paper opposite them, so as to be able to exhibit quiclcly the difference in 
the motion of the sand according as the frame is on a nodal point or a 
wave. To show the same thing with a closed pipe, make a pasteboard 
tube closed at one end, as long in the clear as the interval between tlie ■ 
nodes, and just wide enough to fit over the glass tube. Make a little hole 
in the middle of the bottom, and draw the string through it. If this cap 
be put on the glass tube so that its lower edge reaches the last nodal 
point, the whole length of the tube is increased by half a wave length, 
and the sand in the frame will show the knots still in the same place ; the 
TQotion of the sand in the waves will even be livelier than before. If the 
cap be raised or depressed a little, the tohe will become weaker and the 
sand will scarcely move at all 

The length of the tube may be found from the nodal interval, and the 
pitch deduced approximately fl'om this by taking a = 440 vibrations, and 
this compared agam with the piano or monochord. Although this is not 
suitable for class instiuction, it is good practice for one who must study 
these things closely The same experiment may be repeated with various 
notes from the plate in ordei to attain the requisite desterity and 
certainty 

[145] The SireU — if tie siren has an mdex it may bo connected 
with the bell ws f the blast ttble by suhstituting a bent ^lass tube for 
the b asa one and connecting this with the f nbe of the s ren A secon la 
penduli m may be used to measure the time The pitch < f the siren mav 
bo alte ed an 1 maintained at pleasure by changing the weights on tl e 
i ellowB The real siren has two disks revolving one abo^ c the other 
and the 'iound la produced by the joint effect of nnmeious holes by wh ch 
mean even the low notei 1 ecome clear When only one tube blows 
against the apertures in a wheel the low notes are indistinct and are 
rendered inaudible by the unavoidalle hissing Any siren wdl ^ive high 
notes di'it nctly enough The whirling machine may 1 e made to servo 
instead of a real siren Screw upon the axis of the jr 2S6 
machine the block a a &g 2SG which has a wooden „_a_i 

screw above ovei nhch disks of pasteboard may be s^isa 

slipped and kept down by a woolen buir b b The ^^^^^a 
pasteboaid d sks must I e veiy even and perforated with ^^^MLm^ 
holes about a hne in diameter at regular inteivals near the circumference 
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The holes may be made with an ordinary punch. A second and third 
row of holes may be punched in the same disks, and the intervals should 
always very slightly exceed the diameter of the holes. 

Bend a stout wire, as in fig. 381, and fix the clamp 6 6 & on the side of 
the base board, so that a will stand directly over the row of holes ; fasten 
the blow-pipe to this bo as to eome as near to the disk as possible witliont 
touching it. The blast-pipe may be a wide tin tube with a fine hole in 
the bottom, or a glass tube drawn out to a point. la either case a mouth- 
piece of glass is fitted to it by a flexible connector. A strong blast not 
being required, it is generaJly produced by the mouth, and the wheel 



Fig. 281. 



Ftg 288 




t dm Im pdly tlth d ed pitch is attimcd With 

h yi hlthpthmyaslybe maintained long enough to 

I wtith dpllmhw many revolutions the driTing- 

wh 1 m k 1 P m th t of this wheel to the pulley, 

d th I f h 1 th 1 k t asy to calculate the number 

fbt esidgith^th The experiment should be made 

by tw p 

17 1 th in h 1 b 1 y 1 w note cannot be maintained 

uniformly, but high ones may even with a light wheel. 

The upper part of the bent wire might be finished as in fig. 288. 

A wheel with sharp teeth may be fixed concentrically on the axis of 
the whirling machine, and made to strike against a card held nearly 
parallel to the surface of tho teeth, producing a musical tone. 

[146] The monoellOrcL — The monochord consists of a rectangu- 
lar frame ABC, fig. 289, made of strong hard wood, with a sounding- 
board of straight- grained pine free from knots. Two bridges a a, & 6 rest 
partly on the sounding-board with their perpendicular side toward it. 
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The sounding-board is coated with wliite paper. Two steel piano wires 
i at one end to slanting pins o c, and one of tliem stretched by 
Fig. 289. 




Fij 290 



the piQ d, the other by a weigKt working over a pulley. The sonncliiig- 

board must be very even, so that every point of the string will be equally 

distant from it. In order to restrict the vibration to a given part of the 

string, it mnst be held by a bridge which will not alter the tension. This 

is easily made by taking two pieces of hard wood with sharp projecting 

edges, covering them on the inner side with leather, and fastening them 

together by a leather hinge. The lower one must project somewhat and 

have a mark drawn from the sharp edge perpendicular to the base, fig. 290 ; 

this mark serves to place the edge of the bridge 

directly over a division of the monochord. The 

apper piece is then shut down and held by the 

finger, or a small weight. The string is thns 

held fast without injury, and the rpst of the 

string prevented from vibrating. If both parts 

are to vibrate, a simple bridge like Cg. 291 is 

set under the string which alters its tension 

somewhat ; bnt this is of no importance in this 

case, the only object being to show the nodes 

of vibration. 

For this purpose a line is drawn under the strmj 
which is stretched on a pin, and divided into thirdt 
fourths, and fifths. Set the mark a of the budge fig 291 
over one of these lines, hang little paper rideis on the 
wire, and set it in vibration, with the finger or viohn bow 
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The raonochDrd may be used to show ttat tbe nnmbci of v 1 latmna s 
inveiuelj .is tl e length of the string A hue is diaim undei tlie atr ng 
which lo stret hel by a weight and miiked with diTisions corresponding 
to the notes of the octave as ahown in h"- 28<l The string is diawn 
tit,htly enoiif,h to give i clear note with which the other stung is made 
to atcoid The stun^, mu^t be lightly raised with tie finger so that 
the effect of the weight will not be lessened by friction on the budge 
Set tie budge fij, ^91 on the prof ei division the sCj^ment of the btnng 
will g Te the note requred which may bo LOmj are! with the key ncte 
giTen by the other fcti ng 

The monochord can seldom be used to show that the number of \ibra 
t on la plot ortionai to the sqnaie loot ot the tension on account of the 
length of the string which woull make a giealer we ght neces a.ry than 
the string could bear But by tikmg the weights = 4 9 including the 
weight of the hook the stnng 11 g e he fif h h h may be compaied 
with the othei string previou ly tun d to the me p teh as the string 
with the weight = 4 

To show the effect of the th ck e a the 1 ameters of the strings mast be 
in a simple proportion, and th y mu 1 1 e t t bed 1 qual weights. It 
will be very hard to find such t n^jS 

Besides these experiments, the monochord ia very useful to the physicist 
in studying the musical intervals, and many other points in acoustics. 
For this purpose the length of the sounding-board should be divided into 
1000 equal parts, and marked under the weighted string for the chief 
notes of the octave, and all the secondary notes for sharps and flats, and 
likewise the different temperatures. These divisions may be distinguished 
by lines of different length, and by different colors. Every one who 
wishes to study this part of natural philosophy thoronghly should there- 
fore make his monochord as complete as possible. 

[147] Longitudinal vibrations. — These are most easily pro- 
duced with a glass tube, about 1 centimeter in diameter, held in the 
middle with two fingers, and one half gently rabbed lengthwise with a damp 
woolen cloth. As long as the glass tube gives a sound, its moist surface 
will seem ruffled. A loose cork introduced into the end of the tube will 
move while the sound continues, and advauce gradually toward the 
middle. If wooden or metallic rods be used, the cloth must he strewn 
with rosin, or a short glass tube must be cemented to the rod, and the 
surface rubbed with a wet cloth. By varying the force of tlie friction, 
notes of different pitch may be produced, but it does not succeed well 
with every glass tube. Wooden rods are easily made to sound. By 
fixing into a block four rods of fir, the longest 1| meters long and varying 
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Fig. 292. 



from 6 or 8 to 5 or 6 millimeters in thickness, they may bo made to form 
together an accord, by trimming off the ends of the smaller ones, fig. 393. 
The upper half of the rods is rubbed with two fingers dipped in powdered 
rosin. 

[148] The tuning-fork. — Toning-forka of 
different pitch may be purchased at the music stores. 
Choose such as give a clear tone near a, on a sound- 
ing-board, and maintain it for some time withont 
rising. Two are needed : one tuned accurately to ii, 
the other so as to produce an interference with the 
first about 4 times in a second. They are tuned by 
shortening both legs with a file when the pitch 
is too low, and filing off the inside of the legs when 
too high. Both legs must be made as nearly alike 
as possible. The fork is made to vibrate either by 
striking ooe prong gently against a board and rest- 
ing the handle on a table or & sounding-board, or 
by drawing a well-rosined bow across tie ends of 
both prongs, or by striking them with a little wooden hammer with a 
sharp edge covered with leather; the latter mode produces a very clear 
sound. 

[U9] Interference of tlie sound-waves. — To show the 
interference of the waves of the two prongs of a tuning-fork, hold it while 
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If a forked tube, like fig. 293, be made of wood or pasteboard, with legs 

long enough to extend over tho screw h in fig. 319, to within half a line 

„. of the glass plate fastened in the clamp, and the upper end 

^' ' of the tube be covered with thin paper strewn with sand, 

the sand will be motionless when the two ends of the tube 

are held over two parts of the glass moving different ways. 

But if the tube be held over two places which are moving 

upward and downward together, the sand will be briskly 

agitated. The latter is the case when the tube is held over 

two diagonally opposite squares of a pane of glass which 

, gives the simple cross, while the former result is produced 

S by holding it over two adjoining squares. 

Tbe sand on the paper often forms a sound-figure, which 
o relation to the one below. To make this figure clear, 
the paper must be stretched on a movable cap a b, bo as to alter the 
length of the tube as required. 

[150] The interference of the waves is still better shown by an experi- 
meDt of Herschel's, which Norremberg has repeated in the following 
simple manner: The tube shown in profile and section in Cg. 294 is made 
Fig. 294. 




b 



r~2 



of wood, and is bnilt into a partition wall, either entirely or so as to leave 
the greater part of the end a free. Tho sound produced at a divides on 
the sharp edge of the inner partition, and nnites again in b, after tracers- 
lag the unequal arms c and d. If the length of the wave producing the 
tone be double the difference between the two arms c and d, the two sets 
of vibrations will be half a wave apart when they come together, and no 
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sound will be produced at & but the sound will instantly become audi 
ble when either arm is closed bj a slide fitting accurately m b When 
the pitch IS raised an octave the two seta of waves will etmcide and the 
sound will be louder when both aims aie open The tvn. openings a and 
& must be in two entirely separate chambers otheiwiae the diiect wave 
will inteifere with the result 

The sound m a la best produced by an open pipe the leiigtli of which 
IS equal to the difference m length between the two arms c and d it mutt 
be Gompaiativcly nariow so that the pitch can easily be riised by a 
stronger blast, the third OLtave will then often renew the mteiferenee 
Ihe axes ot the pipe and tube must coincide ind their apeitures be 
together Fasten the pipe in this position and connect it with the 
bellows by flex ble tubes and a small stop i-ock, it is easy to regulate the 
blast by means of this stop 
cock so that the sound of 
the pipe shall be steadily , 
maintained If tlie bellows 
act irregulaily let the bliit 
first pass tbrough a lai^e 
glass bottle with vt hii,h the 
pipe IS connected as seen 
111 fig 395 With the aid 
of such a bottle and a long 
flexible tube a constant tone 
may he obtained wth the 
mouth but thp muistme of 
the breath spoils iny pipe 
after a time 

A \ery steadj blast may be mamtained accoiding to Norrembe g by 
an iirangement of two large bottles like fig 296 the upper acting as 
a Manotte s vise with a siphon the lower having besides the pipe a 
funne! with a stoj ccck If one has no funnel with a stop cock it la 
eaay to make ono with a good cork aa ahown in the faguie wheie the 
small coik closes the longitudinal openins; of the laiger more or 
le=s The flow of watei and consequently the pres are of the air is so 
regulated by the cock that the pipe will give the tone desued and the 
air tibe of Manotte s vase is set at such a height that the funnel is kept 
always full When the upper bottle it, euiptiel change the corks ind 
their tubes and take the lower jne for the upper whiuh is the work 
of a moment 

Patience i needed in making such nanow ppes for it h not eisy to 
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obtain the key-note with them : for this reason they had better be made 
of glass, and the plug of wood or cork can then be altered nntil the right 

Fig. 396. 




note is obtained. The notuh may be cat m the tabe with a file dipped in 
turpentine, and the tube should be cut off in the same way, so aa to have 
exactly the proper length. 

[151] The commmiication of vibrations may be shown by 

simply sounding a clear note, either with the throat or a pipe, near an 
open piano, the corresponding string of which will sound in unison. The 
experiment is made ranch more striking by passing an iron wire, about 2 
or 3 millimeters in thickness, through a small hole from one apartment to 
another remote one, and placing one of its rounded ends on the bridge of 
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a piano, and the other end on the sounding-board of the monochord. A 
tnne played on the piano will be heard at tlie other end of the wire, more 
or less distinctly according to the excellence of the sonnding-board, but 
with a somewhat altered sound. 

Two tubes open at both ends and provided with sounding-boards, fig. 
297, on which turning-forks of precisely the same pitch are set, show the 
same phenomenon. If the bow be drawn across one fork, the other will 
sound in unison, even when at some distance, which may be perceived 
more distinctly upon stopping the other with the finger. 
Fig. 29T. 



Fig. 298. 




[152] The organ of voice.— The simplest illustrition of the 
general aetion of the human vocal organ, is furnished by the lips just as 
these produce various tones by different degrees of tension, e,g. in blowing 
a trumpet, so the so-called vocal chords act. To illustrate this by a thin 
membraue, tie a piece of india-rubber tube around a glass tube, fig. 298, 
and stretch out the sides with the fingers so as to form a simple slit, and 
blow through it ; by varying the tension different tones may he produced. 

[153] In eshihiting the structure of the organs of hearing, models of 
papier-mache and the ear-bones of a calf will l)e found sufficient for every 
purpose. 
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CHAPTER IV. 

EXPERIMENTS ON LIGHT. 

(a.) ON THE TRANSMISSION AND INTENSITY OF IIGHT. 

[154] The general discussion of the nature and distribution of light 
needs little aid from experiment. A few definitions, such as Reflection, 
Refraction, Transparency, etc., may be illustrated by examples. 

Reflection is best shown by a sunbeam falling on a mirror in a dark 
room, the direction of the reflected ray being made visible by the illumin- 
ation of floating particles of dust 

Refraction may be exhibited by laying a silver coin on the bottom of a 
shallow vessel, fig. 299, so as to be just out of sight, and pouring water 
into the vessel, when the coin will appear in the direction i i. 

The transparency of thin laminte 
Fig. 299. may be illustrated by gold. Lay a 

sheet of the thinnest gotd-leaf, about 1 
or 3 inches square, on a pane of even 
glass, cover it with another piece of 
glass the same size, and paste paper 
around the edges of the two pieces. 
To lay the gold on smoothly, breathe 
on the glass and lay it on a sheet of 
gold-leaf, and trim the edges with a 
sharp knife well cleaned on a piece of leather, by simply pressing on the 
edge rather than drawing it along. 

The law of the diminution of light with the distance needs no experi- 
mental demonstration. It may be shown approximately by placing four 
candles in a row on a stand, and comparing their light with that of a 
single candle of the same kind at half the distance. The comparison may 
be made either by observing the darkness of the shadows cast on a white 
wail by an intervening body, or by the photometer. 

The candles must all be taken from the same package, and fonr of them 
arranged on a stand in a straight line with the photometer, as in fig. 300, 
so as to measure from the middle point. 

[155] Tie photometer.— Among the various means of comparing 
intensity of the light from two sources, the most convenient are Ritchie's 
(180) 
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photometer, and the comparison of the depth of tip shadows RitcMe'a 
photometer consisla of a long box, 4. B i S t\g ddl blntkfned intern- 
Fig. 300. Fitj uOl 




ally. The light, passing through two semicircular openings in the ends, 
falls upon a rectangular prism of wooil :■ covered with white paper, placed 
exactly in the middle, and illumines both sides of it. A circular opening is 
made in the top B, two-thirds of the width of the bos, and so placed that 
the edge of the prism corresponds to the diameter of the openiug. This 
aperture is covered by a short, blackened tube D, to exclude extraneous 
light, with a small hole for the eye. The apparatus may be fixed by the 



stem E in one of the sockets of the 
beam deacribed in connection with 
the concave mirror, or in the little 
stand, fig. 302. Several such stands 
and some larger tripods like fig. 
303 will be needed for various pur 
poses 

In order to compare the inten- 
sity of two lights they must be 
placed at the same height as 
the photometer about 20 or 30 
feet apart, and the photometer 
placed in a straight line between 
them Now observe the illumination 



Fio. 303. 



Fig. 302. 
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of the two sides of the prism, through the hole in the tube B, aad move 
the photometer until both sides are equally illnmiaated. It is well to 
avoid looking directly at the lights during the process, as this lessens the 
sensibility of the eye to slight differences in the brilliancy of the illumin- 
ation. With this precaution, the correct position of the photometer may 
be attained within 4 or 5 inches. The comparison is most difficult when 
the two lights are differently colored, e,g. when a lamp with a white flame 
is compared with a was candle, which always bums with a yellowish flame. 

When there are several illuminating bodies to he compared, it expedites 
the process, to have a lamp which burns with a steady flame fixed at an 
invariable distance as a standard of comparison, and change the position 
of the other lights until both sides of the prism are equally illuminated. 
Mechanical lamps are very well adapted to this purpose. 

To compare the power of two luminous bodies by moving them until 
the shadows cast by an interposed body are of equal depth, nothing 
more is needed than a stick half an inch thick and a white wall. This 
process is less accurate than the other, because the glare of the white 
wall makes the eye less sensible to slight differences of light. In aU such 
experiments a trial should be made to ascertain what degree of accuracy 
may bo expected. It may be done very easily in this case by having an 
assistant move the lights without the knowledge of the experimenter. 

In this method of Bumford's the dissimilar color of the flame causes 
more difficulty than with Kitchie'a photometer, but it is better suited for 
class illustration because more pei'sons can obserFe it at once. The lights 
should be so placed that the shadows shall fall close beside each other. 

[156j Bunsen's photometer. — The flame of a good lamp is 

suiTounded by a tin box with a sliding tube d, as seen in fig. 304. The 

Fiq. 304. 




1' 



F 



end of this tube is covered with letter-paper, which is rendered transparent 
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by steal le lea^uj, a 111^ ;| or ^ in lach nilo and ^ an iulIi ititemtl 
diameter untouched Tbe { aper sh aid be waimed and then lulbel 
with a wirm steirine candle Ihe laminous body to be compated is 
placed in front of thi tube and moved until the opaque nuf, entiinh 
disappears and the same process is lepeated with every hght compared 
The relative intenbitj of the lights can be ascertimcd 1 y meaaunng the 
distances of the two fiom the pai er "icreen This process is Jess depeudect 
on the color of the liglits> than the f rmer ones 

[157] Shadows and half-shadows. -- The simplest way of 
showing the difference between these two is by hanging up a ball, ^ to 1 
inch in diameter, in the sunshine, and allowing the shadow to fall on white 
paper. The same is very prettily shown by a lamp with a round waste-cup. 

Any sharply defined flame may be used for this purpose, bj casting a 
shadow with a body less in diameter tbau the flame. Hollow flames are 
not suitable for the illustration, because they cast two shadows, the sides 
of the flame giving more light than tlie middle. 

The phenomena of the camera clara belong here. It needs no special 
apparatus for its illustration ; it is only necessary to attich to tiie board 
intended for the heliostat a slide with an apertn e 1 alf an nch in 
diameter ; on darkening the room inverted images of exte cal I je ts will 
be seen on the opposite wall. The smaller the apert e the aha per will 
be the outline of the image, and corresponding ca e must 1 e taken to 
exclude the least ray of estraneous light. If the room nnot be made dark 
enough to show the image, a camera 

clara may easily bo made of two tubes Mg. 305. 

of pasteboard A S, fig. 305. A is closed 
at one end and pierced with ; 
about 1 line in diameter. The end of 
B, which is inserted in A, is closed 

with a plate of ground glass or rice-paper. Hold the opening of B close 
to the eye, and direct the tube toward a strongly illuminated object. 

(b.) EXPEEIMEHTS OH THE EEFLECTIOU OF LIGHT. 

[158] Plane mirrors. — Besides the ordinary plane mirror, there 
should be a piece of plate glass thickly coated on the bock with iadian-ink, 
a mirror made of two pieces set at an angle with each other, and two parallel 
mirrors. The latter should be set in black wooden frames. The jointed 
mirror generally has an inclination of 60°, flg, 306 ; but it is better to con- 
nect the two parts by a hinge, so that they can be set at any angle. To 
these may be added a kaleidoscope, which can be bought cheaply in any 
toy shop. This may be easily made by setting two slips of ordinary 
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looking-glass at an angle of 60° in a tube of pasteboard about i iiiolies 

long, as seen in section in flg. 301. The tube is closed near odb end by 

a dislt of clear glass a fig 308 and at the other by a pasteboard cover 

rij 01 Fiq 308 




with a small aperture. Some pieces of colored glass shreds of coloied 
paper, etc, are laid io the spaoe before the glass at a and i shoit tube 
closed with a disk of ground glass is slipped over that end 

[159] The following simple apparatus has been eoutrived by MuUer 

to iiluatrate the law of reflection. A. strip of brass is tacked around a 

Fig. 309. 




semicircular board A, fig. 309, and one-half of it graduated into degrees. 
A conical pin, which can be fastened by a screw below, works in the center 
of the semicircle, and carries the index b c, which is beat upright at the 
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extremity. On this index a small plane mirror/ is accurately centered. 
The ray of liglit is allowed to fall on the mirror through the slit a. The 
index shows the anf^Ie of incidence, and the point to which the ray is 
reflected donhlc the same. The accuracy of the adjustment must be 
tested before the mirror is permanently fixed, The apparatus shows also 
that when the mirror is turned a certain number of degrees the reflected 
ray advances twice as many. Upon this principle Wheatstone constructed 
his apparatus for measuring the velocity of the transmission of electricity. 

[IGO] The Iieliostat. — The heliostat is one of the most indispens- 
able instruments, both for class illustration and for physical research; it 
should, therefore, be obtained as soon as a permanent place for it can be 
had. In its simplest form it costs very little. It has already been men- 
tioned that the room in which optics is to be taug^ht must have a proper 
exposure to the sun. The apparatus room slioald be similarly bituated, 
so that the experiments can be properly prepared and the teacher have 
opportunity for research. 

The simplest form of the heliostat consists of a square board A B, fig. 
310, of hard wood with a broad rabbet fit- 
ting in a hole in the shutter, and kept in 
place by two screws hbe flg. 311. In the 
middle of this board is a conical hole 
mounted on the inside with a brass rim, on 
which a thread is cut for the purpose of 
screwing on various attachments. Instead 
of the brass plate a short tube of wood or 
pasteboard may be used. On the outside is 
a long, narrow mirror in a wooden hame, 
hinged to the wooden pin D E. This is 
shown on a larger s-cale in fie; 312 The 
pin has a head at F, and can be tightened 

Mg i 



Fig 310 




by the nuts G G, so as not to turn by the weight of the mirror. ■ When 
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t!ie pin is fixed in its place, the button JE is glued on. The string K, 
passing through a smooth hole in the board, and winding on tlie pin J, 
allows the mirror to be set at any angle. 

The mirror mast be made of very thin, clear glass, so as not to form 
more than two images, and these as close as possible to each other. It 
need not be much wider than the aperture C, but on its length will depend 
its power of reflecting the rays of the sun horizontally when the latter 
is near the horizon. 

Fig. 313. In thp simple airange 

mcnt just ilescnbeLl the 
position of the muror in 
lespect to the pm J is 
yaiied by turnmg the pia 
M and the ttrmg K be 
comes oblique to the mir 
ror which miy in time 
affect the tirmness of the 
apparatus This difficulty 
is obyiated m the arringe 
ment shcivn in fig 313 
of half the natural size. 
Here the support of the 
mirror is made of brass. 
A handle D is fixed to 
the square head of this, which serves to turn the mirror. A screw B, 
passmg through this brass axis and pressing against the arm F, serves to 
elevate or depress the mirror. 

By making the support of the mirror longer, as seen in fig. 314, and 
fastenmg it to the frame by a slide and screw, a mirror of blackened glass 
may be substituted for the ordinary one. This gives a clear image of the 
sun, and light enough for most experiments. 

Neither of the arrangements described costs much. The position of 
the mirror must be constantly shifted in order to keep the beam of light 
in the same direction, and some practice is required to do this properly, 
Heliostats with clock-work and metallic mirrors are very expensive, 
although they have been of late much simplified. 

[161] Experiments with concave mirrors.— The wooden 

stand seen in fig. 315 is very convenient for these and other experiments 
in this section. A Ii\& a straight, slender bar of pine, 12 to 15 feet in 
length, supported on the tripods M M, which are stuck in holes in the 
beam so that they can be easily separated. This bar is divided into 
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inches. The slides P P F, lig. 316, slip over it and can be fastened by 
wrews S. These slides are a whole number of inches iu teeadth, and 
Fig. 314. 

Fig. 315. 




likewise divided into fractions of an inch. Various pieces of apparatus 
can ba fixed in the sockets B attached to th Id The sockets might 
be fixed to a board eliding in a groove tl t i f the bar, bat it 
would be difficult to make them firm in th waj d at the same time 
easily movable. A small lamp, fig. 3] 7, is fix d n n of the slides. The 
Fig. 316. Fig. 317. Fiy 318 




wooden frame 0, on which the white paper screen is stretched, must be 
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made large eaough to receive the whole image which the mirror reflects 
from the opposite eod of the bar. 

G-aalight venders the experimenter in optics in some cases independent 

of sunshine. This may be arranged by fixing a board with a rim to one 

of the slides, as in fig. 318 ; in the socket of this slide the stem of the 

argand gas-bnrner, fig. 319, may be inserted, and connected by a flexible 

Mg. 320. 



I 




I. 




hose with any gas-burnei m th" loom Over this bumei is planed the 
sheet-iron chimney, fig 320 which has a slit on one side for the hoao, and 
an opening at the proper height to place slides before the light This 
arrangement prevents the general diffusion of the light in the room 

When the image fails between the object and the mirror a slip of 
paper, half an inch wide and an mi h long, ii fastened to a wire which ia 
bent at right angles at about half the breadth of the miiror from the aide 
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of the bar. The mirror laiist then be tnrned to correspond, so that the 
image shall fall outside of the bar. 

The screen in these and a number of other experiments may be covered 
with rice-paper instead of letter-paper; the image, though not so bright, 
is then visible from both sides. The frames should be about the size of a 
sheet of letter-paper, and the paper stretched just as on a drawing-board. 
Any ordinary concave mirror will answer for these experiments. Even 
watch-glasses coated on one side with black sealing-wax, by heating them 
until the wax melts on the surface, do very well. But to malsH the image 
visible without any screen, the mirror must be wider and have a shorter 
focus, in order to render it visible to several persons at once. Eeflectors 
with a focal distance of 1 to 2 feet, and at least as great diameter, made 
of brass and polished by the brazier, are better for this purpose than more 
highly poliihed mirrors of less concavity. The experiment succeeds with 
a mirror 3 or 4 inches in diameter, but the image is visible only to one 
person. It may, however, be shown to many in rapid succession, by 
holding the mirror in one hand and the candle at a proper distance in the 
other, and throwing the reflected light upon the faces of the aadience in 
turn. 

The flame of a candle does very well as an object in these experiments, 
but a bouquet of artificial flowers of bright colors is usually chosen, and 
so placed as to be highly illuminated and yet invisible to the audience. 
A glass of water may then bo placed where the image will fell, and the 
flowers will seem to float in it. It is very important, with reference to 
the future consideration of more complicated instruments, that it should 
be distinctly understood that this aerial image exists entirely independently 
of the white wall. For this purpose Concave mirrors are preferable to 
lenses. 

[1G3] Convex mirrors need no special illustrations. A clean 
wine bottle of dark-green glass answers admirably to illustrate the effect 
of cylindrical and conical mirrors. 

{c.) EXPEEIMENTS ON REFRACTION. 

[163] To exhibit the mere fact of the refraction of light, a rod immersed 
in water, or a ray of light rendered visible in a dark room by particles of 
dust, and allowed to fall upon turbid water, is quite snlScient To prove 
the law of refraction by actual measurement requires some apparatus. A 
very simple and instructive experiment is to draw upon a piece of tin 
painted white, or varnished pasteboard, two black lines at the angle 
corresponding to the reiVaction of light passing from air into water, and 
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immerse the sheet with the drawing, fig. 321, ia water up to a 6; the 
line c d e will then appear straight. 

The apparatus shown in fig. 322 enables us to measure the angle of 
I^. 333. 
F I S21 




refraction for different fluids The vanety of fluids whch can be u-^ei 
depends on the materials of which it is constr icted If the body of the 
apparatus be made cf wood covciel with copal virniah it can be u'ied 
only for witer The straight side ab >, mide of a piece of plate glass 
and coTore 1 w th tin foil A very amooth cnt miy be made in the raid He 
of the foil leaTing the rest opaqne The glass is cemerted witli putty 
into grooves on three sides The apparatus may be placed on a tal le 
for use, half lilled with water and the light of a cindle oi a ray of light 
from the hehostat directed thiou^h the slit in the i il The part of the 
beam above the water indicates on the giaduatioa the an^^Io of ine den e 
and the part pa'ssmg through the watei the an^le uf lefiaction Two oi 
three experunents mil prove that the sines of these angles preserve a 
constant ratio m the same liqnid 



Fi/ 333 




Theappaiatusshowninfig 3'*3i8 
also convenient. It consists of a 
bos made of squares of plate glass, 
open at top, and let into a board at 
the bottom and on one side, to a 
depth equal to the thickness of the 
..lass When half filled with water 
and the sun allowed to fall on the 
'iide d 0, the shadow within the 
water will be narrower than without. 



The phenoraenon of refraction may also be exhibited by 
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a ray of light in a dark room, through a wide glass filled with water, into 
which powdered chalk has been stirred and allowed to stand some hours. 
The path of the beam through the air will be marked by illuminated 
particles of dust, and through the water by the particles of chalk. 

[164] Total reflection. — The same turbid chalk-water may be 
used to exhibit total re9ection. Direct the light first on the plane mirror 
a, fig. 324, so as to give the reflected ray the proper direction for total 



Fig. 324. 




reflection from the surface of the watei TIlp direction of the ray through 
the water will be visible and if the proper angle is chosen no light 
will be seen passing thiou^h the surface of the watei The vessel should 
be 4 to & inches in diameter and the ipeiture m the heliostat not ovei ^ 
an inch A vessel made of plate glass answers the paipoae best 

Among the phenomena which depend on totil reflection there are 
many whick may be used as further iliustiitions Newton a blue bow on 
the undci suiface of a glass prism is one of the most frequently cited but 
it is not adapted for class instruction The three followmft experiments 
are easily made — 

(1) An object outside of a glass filled with witer cannot be seen 
through the liquid from above unless the diiection of vision 13 veiy 
oblique to the surface and the vessel veiy wide 

(2) Fill a glass about 3 fuU of a sirup made of white sugar nhich may 
be tolerably thin A stratum of water mav be ponied upon this from a 
spoon held neat the surface without causing much mixture of the two 
liquids. Paste a few letters drawn on white piper 
below ithe contict surface of the two liquids On look 
at this surface from below the letters will be seen double, 
once direct and once by total reflection. 

(3) A test tube of thin glass, about ^ an inch in 
diameter, plunged into water, as seen in fig. 325, appears, 
when seen from above, to be filled with mercury. When 
partly filled with water, this metallic luster 
as far as the water extends. 
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It is evident from this that much more light is reflected by total 
reflection than from a metallic mirror, for when the tube is partly filled 
with mercury that part appears quite gray in contrast with the other, 

[165] Lonses. — Experiments with conyex lenses are made on the 
stand, fig. 315, with the screens belonging to it. The lens best adapted 
to the purpose has a diameter of several inches and a focal distance. of 
about 2 feet. The lens is set in a frame with a stem fitting in one of the 
sockets of the stand. The aerial image should also be shown in this ease 
without the white screen, and the difference between it and the image on 
the screen pointed out. In this ease also, as with the mirror, the image 
appears behind the glass and enlarged before the rays become divergent, 
which is apt to canse confnsion. 

We often wish to measure the focal distance of lenses. For this pur- 
pose the glass is held opposite the white wall of a room so as to form a 
distinct image of a window 15 to 20 feet distant, and the space between 
the image and the lens measured. For more accurate measurements, 
fasten a plate of ground glass to a graduated rod and move the lens along 
tliis rod until the image is distinct. If the lens be fixed to a slide the 
image may be inspected ivith another lens, so as to obtain the greatest 
distinctness. 

[166] Prisms. — A highly polished prism of flint glass with an angle 

of 50° to 60° should be chosen. They are very expensive, but such a 

prism, even 1 centimeter in length and hreadth, is more useful than a 

great piece of common glass, which will not cost much less. It should be 

bought on condition that it can be nsed to exhibit Frauenhofer's lines. 

It is easily mounted, as shown in fig. S26. The prism is mounted on a piece 

of wood or brass, terminating in a screw. The nut 

Fig. SSfi c serves to fasten it to the broad end of the arm a b, 

I'M which is hinged by a screw joint to the rod a c. 

__l|l This rod fits in one of the stands, fig. 302. This 

— ■'^Pj arrangement admits of its adjustment in any 

position. 

With a littie mechanical skill, one can make 
hollow prisms for himself Prisms of brass, like fig. 
321, cannot be used for acids, and even sulphide of 
carbon decomposes slowly in them. It is better to 
take a square bottle with ground stopper, grind off 
two of the corners, and replace the sides by pieces 
of plate glass fastened with brass bands and screws. 
Fig. 328 shows the prism without the plates. If 
the prism is designed for sulphide of carbon only. 
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the platea may be fastened with isinglass cement. The sulphide of eacbon 

may be left permanently in the prism and covered with a stratum of water, 

Fig. 321. 





or poured in at an elevated temperature and closed by a stopper 
cemented in with isinglasa. Sufficient space must in any case be left for 
the expansion of the liquid by heat. The grmdmg and adiu&ting such a 
glass is not so troublesome as one may imagine It is done first on an iron 
plate with sand, and finished with fine emery on piate glass 

In filling and emptying the prism, a pipette or glass tube with a fine 
point should be used. The point of the pipette must reach to the bottom 
of the glass. 

[16f ] Experiments with prisms can only be made in a dark room, into 
which light is introduced 



through a round aperture. 
To have the colors distinct, 
this aperture must not ex- 
ceed 1 or 2 lines in diameter. 
For moat experiments a nar- 
row slit, not longer than the 
prism, is better. The edge of 
the refracting angle and the 
slit should both be vertical. 

Figs. 329 and 331 show an 
arrangement of slides for re- 
gulating the width of the slit 
Fig. 330 is a tube designed 



Fig 329 
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to '(lip over the permanent tube in the aptitnre in ca?e tHere is one. 
Tig 332 repieients i contiivance by which the td^ef of the slit are kept 
always parallei The little bats c c turn on the screwa a a ind act like 
parallel rulers 

Ft^ 332 The lenfe'! piisma bcigws, 

et(, may be fiied on stands 
hke%s 303iud303 p 181. 
The principal expenmenta 
^re the following — 

(1) The spectrnm itself, 
■i. lound aperture miy be 

used at first to si ow the 
lounding of the upper and 
Innei end'i It is thrown on 
I creen uf white piper 

(2) IhecombmatioD of all 
( ( lors mal es white For 
thi'! experiment the sht is 
ufed the piism placed at a 
distance of 5 to 10 feet from 

it and the spectrum thrown on a convex lens wide enough to receive it. 
The distance of the lens from the piism must be such that it will give a 
magaified image of tlie lefractmg fate of the prism A white screen is 
placed wheie thio image falls If the refracting edge of the prism is 
parallel to the alit the leas perpendicular to the direction of the beam and 
the screen slightly inclined so that the side where the blue rays fall is a 
little neaier to the lens acletrwhite image of the prism will be obtained, 
with only a veiy narrow blue mirgin on one side and a red one on the 
other An achromatic lens a^?ts better but achromatic lenses of consider- 
able dimensions ire very dear By obstructing parts of thp spectrnm by 
strips of blacl paper the complementaiy colors are &hown very beauti- 
fully 

The experiment mty also be made by lool ing at the spectrum thiough 
a second prism The sht in the heliostat wili then be seen in its natural 
size and white but as thi can only be seen by one person at a time it is 
not suitable for class instruction 

Another oontrivancp for showing the combmation of all colors is the 
oscillating pnsm fig 333 The vertical axis a is made to revolve by a 
spring and cogged wheel The bar f fig 334 dj fastened to the mounting 
of the prism and the pin h on the disk c works m the slit in this bar. 
By thia means the prism is made to oscillate rapidly The extent of this 
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oscillation mnst be sufGeient to advance the prism its whole lengt)]. 
This must be ascertained by a previous experiment, and the size of the 
disk o and the length of //arranged aeeordingly. 
The figure is about half the real size. 

(3) To show that orange, green, and violet are 
not compound colors, cut in a sheet of paper a 
slit of less width than the color to he examined, and 
let it pass through the siit to a second prism. 

(4) When the spectrum is thrown on a second 
prism, whose axis is at right angles to the first, an 
oblique spectrum is obtaini-d To make this well 
known expoTimont handsnrae the second prism 
should be large ind held neaiithe other so as to 
leceive almost the whole of the spectrum The 
screen should be only a few feet distant from the 
setond prism 

(5) To lOttatrate the theorj of the colors of 
bodies paste slips of bright coloied paper on 
pasteboard and hold them siiccessivelj in the 
different colors of the spectrum Some papeis 
especially the bine and red title paper of the book 
binders, will appear black m any color but their ov. n 

(6) Theindexof refraction of various substances 
may be compared approximately, by means of a , 
largo rightangled triangle of wood, fig. 335. The 
handle fits in one of the stands. One of the slides is raised about 2 inches, 
and divided into centimeters, A hole is made to receive the handle of i 
prism at a distance of 1 meter from the zero of this graduation A --tiip 

Ftg SB'S 





of metal, not seen in the fagure, with a long, narrow slit, is place 
tween the pnam and the light 

A ray of light is thrown in such a direction that the part which i 
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abovo the prism shall fall on of the scale; the prism is then taraed so 
as to obtain the least refraction, and the point on whith the middle of the 
red falls noticed. This, together with the distance of the j nsm from the 
scale, gires the tangent of the angle of refraction'' and the mde\ of 
refraction is calculated from this and the refracting angle of the prism 

(t) Frauenhofer's lines.— Any prism whose fa^e^ tie plane and 
its material homogeneous, may be used to show these lines The greater 
the dispersiye power of the substance, the greater will be the number of 
the lines. A prism filled with sulphide of carbon show s thew most heauti 
fully. It IS an advantage to place the prism 8 to 12 feet fiom the slit 

The refractmg edge of the prism must be placed pirillel to the slit 
and turned so as to obtiin the minimum of refraction This is easily 
obtained by turning the prism slowly on its axis; the position will soon 
be found in which the spectrum falls nearest to M, fig SBC 

P „„„ The alit must not be 

over ^ 01 a line wide It 
gives light enongh when 
it is only -^'g of a line, and 
the lines are more dis- 
tinct Its le oth &V uld 
le 10 to 15 Ines The 
SI ectrum usually trans 
m ttel th ougl the ohje t 
glass of a tele ope wh ch 
8 aljusted a for d stant 
oijects and its object glass pla ed lo?e to the [ r m It 9 better to Iix 
a woo len ring o the object en 1 of the telescope and fa ten tl e 7 r m to 
th s n hi way tl at t can be tnrne 1 on ts as I efore th m 1 lie of 
the 1 ject gla s as a fig 3 1 The j n a s th a ecu eA f n i e ng 
ove et 1 pltce 1 end 
ts po t on n respect to 
the teles ope an be mo e 
accurately adj ated An 
ach omat c telescoj e w t! 
a na^n fy ng j er of 10 
to 20 t nes qu te fS 
c e t In ord r t m ke 
measur ments the tele 
scoieofagon onetermnst 
1 e nsed 
Although the Uues ap- 
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pear more numerous and more distiDCt in this way, it is not adapted to 
class illustration, because it is visible to but one person at a time. 

By placing close in front of the prism a small board, with a large, 
ronnd apertnre contracted to a narrow slit, the spectrum can he thrown 
on a straw-paper screen, and the broader lines become visible to the 
naked eye, even with a prism of crown glass. This apparatus is also 
needed in experiments on diffraction. The slit is arranged just as the 
first one. The lines may be seen on a screen still better, by placing a 
convex lens, of from 2 to 4 feet focal distance, behind the prism. The 
screen must be in such a position that the lens will produce a distinct 
image of the slit npon it. It increases the distinctness of the lines to 
move the screen a little hack and forward; the lines are the more readily 
distinguished from accidental shadows on the paper. A second slit is 
not necessary. 

A prism of sulphide of carbon produces most beautiful results, 
especially with an achromatic lens. The colors are brighter when the 
image is thrown on a screen of white paper instead of straw-paper, but it 
injures the eye to look at it long. 

A few of the dark lines are perceptible even with the naked eye, 
especially the two broad ones on the limit between violet and blue, when 
a very flue slit is looked at through a prism held at the distance of 
distinct vision. But the experiment is trying to the eye and not suited 
for instruction. 

[168] The rainbow. — To illustrate the theory of the rainbow we 
use glass balls, from 2 to 5 inches in diameter, ijlled with water. Such 
balls are easily obtained, as they are used hy many artisans to concentrate 
light on their work. The glass should be of uniform thickness, and the 
form as accurately spherical as possible. The smaller balls fulfill these 
conditions better than the larger ones, but they do not show the path of 
the light through the ball so distinctly. Even a thermometer bulb will 
show the principle. The balls may either be laid in a wooden socket or 
hnng up. Fill the ball with slightly turbid water, and allow a ray of 
light to fall upon it through an aperture about two lines in diameter, in 
a screen placed just before it. The aperture in the heliostat may be from 
4 to 6 lines in diameter. The path of the light through the ball will he 
visible, and the spectrum obtained by two refractions and one reflection 
may be thrown on the screen. It is best to throw the light in such a 
direction that the reflected ray shall be horizontal. 

To explain the arched form of the rainbow, the apparatus contrived by 
Heuseh, seen in iig. 338, is very convenient The spherical head a turns 
with considerable friction in the stand A, and carries the glass rod m n 
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about ^ inch in tliiekiiess. TIio stout cork 6, whicli slips over this rod, 
occupies the place of the eye, and supports the two slender glass toAs rr, 

Fig. 338. 




V V, which arc cemented into it Each of these rods carries a little disk 
of wood covered w ith pitper, and each of the disks a slender rod s s, s' s'. 
Tke rods s s, &' s' are painted white, the rod r r red, and v v blue. They 
are set at about the angle required l>y theory, and the path of the light 
indicated on the disks by dotted lines, so that r r is the prolongation of 
the red, and i! u of the violet ray. The rods should be connected together 
at X and y to render them firmer. If the cork b be turned on the rod m n, 
the rods v v and r r will describe the cones in whose surfaces the re- 
fracting drops lie. 

[169] To show the chromatic aberration of lenses, take a large 
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lena, of i feet or more focal distance, and throw the image of a window 
on the white wall opposite. The image will have a blue or red border 
according as the lens is moved into the focal distaoce of the red or the 
blue rays. 

This may also be shown very well as follows. Cut in a tin plate two 
semicircular incisions like flg. 339, leaving the circle within just large 
enough to receive the image made by the convex lens at the 
point where it is most distinct and smallest. Set the li 
the hole in the shutter, at right angles to the sun's rays, and 
let the image of the sun fall upon the plate. A sheet of 
paper held some distance behind the plate will now reoeive no 
light which has passed through the lens. But if both the plate and the 
paper be brought nearer to the lens the circle will cot be large enough to 
receive the whole image, and the light passing through the aperture will 
be reddish. If the screen and paper be removed a little farther off, the 
light on the paper will be bluish. The experiment succeeds better when 
the lens is set in the heliostat, but this requires a metallic mirror. 

The esperiment can be made more conveniently by gaslight, by cutting 
an arrow in the slide fitting the chimney in fig. 320, and fixing to the slide 
two guides, in which a plate of green and one of red glass, fitting very 
closely together at the edge, can be slid over the aperture. Fig. 340 
shows such an airangi-ment half the natural size. The positions in which 
the upper or loner half of the arrow is distinct are far enough apart with 
a focal distance of two feet. The experiment can be repeated with an 
achromatic lens. 



Fig. 340. 



Fig. 341. 





[110] Spherical aberration may be very well shown with a leas, 
ft foot or more in diameter and short focal distance, such as were formerly 
common. Make a screen pierced with two rows of holes, as seen in fig, 
341. Place it before the lens and let sunlight fall upon it. If the light 
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which passes throngh the screen be caught upon a screen of white paper, 
which is gradually removed to a greater distance, the rajs from the outer 
holes will be seen to pass through the inner rays, and unite to form an 
image, the rays from the inner holes forming a ring aionnd it. As the 
paper is removed still farthi r the inner lays mil conreige to a focus and 
the outer ones form a nng around it 

[i-li] Fluorescence. — The phenomena of flaoip'icence or internal 
dispersion will soon be too important to be omitted in physical lectures; 
and we therefore mention here a few simple experiments which illustrate 
the important points of the subiect 

The following are the substinces which aie adapted to the'ie ezpen 
ments: (a) Aqneous extract of the hull of horse chest nuts A few 
pieces of the hull digested for^ of an houi in cold wjter iie enough 
(&) Chlorophyl, alcoholic estiact of nettles (c) Tincture of nightshade 
[stech apfel.] (i) Tincture of cuicuma (e) Aqueous solution of sul- 
phate of quinine. (_/) A piece of glass colored yellowish green by uranium 
(g) Strips of paper, one half molhtened with the liquids mentioned 
When such a liquid is placed in the sun, light of another color seems to 
penetrate a little way into the interior : e.g. a deep-green light into 
tincture of nightshade, which is wine yellow. This is still more apparent 
when a beam of light is concentrated upon it by a lens of about 1 foot 
focal distance. The lens should be fixed on a support. Fig. 3i2 shows 
Fig. 342. Mg. 3i3. 






imple stand which is available for a great many purposes The bottle 
s partially filled with sand ; c is a cork shdiug on b and carrpng the 
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rod d, which supports a ring of pasteboard, in which the lens is fastened 
in the usual way by two wire rings. 

Now take a vessel made of parallel glass plates, kept apart fay brass 
cemented between them, as iu fig. 343, fill it with a solution of chloride 
of copper, and look through it at the green light penetrating into the 
tincture of nightshade. This light ia quite visible through the solution, 
and yet it is not the green light of the spectrum, for it disappears when 
the solution of copper is placed between the light and the liquid, although 
none but green then falls on it. On the other hand, this light remains 
when ammoniacal solution of copper is piaeed between the light and the 
liquid ; but it is not visible on looking through the ammoniacal solution. 
Green light is thus produced by a blue medium. Similar experiments 
may be made with alcoholic as well as aqueous solutions ; and some of the 
vessels should, therefore, be cemented with isinglass cement and others 
with shellac. Many hquids attack brass; it will, therefore, be well to 
substitute strips of plate glass for the brass in some of tie vessels. 

In a spectrum made with a flint glass prism and a lens, as in § 167, No. 
T, the double line R in the violet ray will scarcely be visible on white 
paper. But if the spectrum be thrown on paper colored with any of the 
liquids above named, light will be visible, with countless lines, far beyond 
H. If such a spectrum be now observed through a second prism, as in 
§ 16T, No. 2, the observer will see, besides the oblique spectrum, a number of 
colors which contain the same lines as the original spectrum, and running 
in the same direction as the original lines, so as to traverse all the colors. 
If one of the liquids be poured into a glass vessel with parallel sides, and 
put in the place of the paper, it will show the same phenomena; only the 
original spectrum disappears almost entirely, and the new image penetrates 
into the fluid to a depth inversely proportional to its refrangibility. The 
dark lines appear like partitions. But if a solution of quinine be intro- 
duced between the light and the prism, the original spectrum only 
remains ; because the liquid absorbs the rays beyond the violet. Sulphide 
of carbon produces the same effect. A prism of this substance cannot 
therefore be used in these experiments. 

(d.) EXPEETMEHTS OH SIGHT, AND SOME COMPOUND OPTICAL 

INSTEUMENTS, 

[112] The eye. — To show the inverted image on the retina, and 
illustrate the structure of the eye, take one from a recently slaughtered ox, 
and free it from the attached fat and muscles by means of a sharp knife 
or scalpel with convex edge. The optic nerve should he cleaned and left 
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attached. Then cat out of the sclerotic coat or white of the eye a strip 
about one to one and a half lines broad and two lines high, in the direc- 
tion of the axis of the eye. To do this, cut the sclerotic about half 
throngh on the four sides of the slip, and then with the point of the knife 
carefully separate it at one edge, into which in- 
troduce the point of a pair of sharp scissors, and 
follow round the entire outline. Lay the eye 
on a wooden stand hollowed out to receive it, 
flg. 345, and remove the choroid coat. This 
may be done without injuring the retina, by 
seizing the choroid with a delicate forceps, and 
cutting tlirough the part thus held, finishing 
with the scissors. After catting out in this way 
a piece of the choroid the rest is thrown back. 
It will be safflcient to remove the outer black 
layer of the choroid, but this is more difficult; 
the image is then more distinct, for the retina is 
apt to protrude somewhat tlirough the aperture, 
'} especially when the stand is not hollowed out to 
receive it. 

If, after this preparation, the flame of a candle 
be held before the eye, a very distinct and sharply defined inverted image 
of it vtill be seen throngh the portion thus rendered transparent. 




ye it should be allowed to float on 
ge of form. 

rnea and extend the section of the 
f the cornea, and continue it at this 
f If the scissors have not a knob on the 
d g inst the sclerotica at each insertion, 
d Now take up the sclerotic with the 
1 ght attachment to the choroid by meaus 
[.t c nerve, and finally cut through this. 
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water, that t m y d 1 
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sclerotic co t t th 1 
distance cir 1 ly d th y 

end, the po t m t b d t d 
BO as not t J th h c 
forceps and 1 t ft m t 

of the scalp 1 11 i t th 

The choroid is now completely laid bare. Nest make a couple of ir 
in the choroid towaiMi the cornea, holding up the coat all the while with 
the forceps, and laying back the edges. In this way the retina is com- 
pletely exposed. Finally remove this, by seizing it with the forceps and 
drawing it aside by piecemeal. It has no tenacity except when the eye is 
quite fresh, and has only to be pushed aside to show the vitreous humor 
in perfect clearness. The crystalline lens will also be exhibited and the 
puckered ring in which the choroid ends anteriorly, and in which the 
capsule of the lens ia fastened. The latter is of no importance in the 
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physical consideration of tbe eye On seizing the choroid and sclerotic 
coats, and holding up the eye by them the Titrooua humor and the crystal 
line lens become loo'fened by their own weight with a little absistance, 
and separate from the ma Catch them in a dish the lens uppermost, 
it is generally encircled bT the attiched pigmentnm nigrum On spliting 
the capsule at the Bide the crystalline lens will fall out , it mav then be 
stuck edgewise on a pin and used is a lens To show its fohated texture 
it must be hardened in alcohol 

Op th f nt by t d g t! h | i t f th alpel 

and th d t th m d th t g fc t tl t h mber 

f th y b f th a d w th th i 1 d p all 1 t th On 

w thd wmfe th k f th I h 11 f 11 w d th -hole 

ma y b t y w th th &c t h th Wh n tbe 

dg f th p t 1 ft m th h d t th y t !1 I s, and 

its capsule will again be visible. 

This demonstration of the structure of the eye will be Fcry much aided 
by an artificial eye on a largo scale. 

[1T3] Vision. — To exhibit the experiment of Father Scbeiner, on which 
Stampfer's optometer is based, take the bar, Sg. 315, set a white screen at 
one end of it, tbe small lamp, fig. 317, about one third of the length from 
the other end, and a convex iens between the two, so as to project a distinct 
image of the lamp on the screen. This "mage will remain distinct, though 
a screen with two rectangular apertures, I inch high, ^ inch wide, and 
about ^ inch apart, be introduced close before the lens. The illaminating 
body is now at tbe normal distance for distinct vision for an eye whose 
retina is represented by the white screen, and its crystalline lens by the 
glass lens. If the distance of the light be now varied, two images of it 
will appear on the screen, and the distance between them will increase 
with the change of position of the flame. 

[174] Stairipfer'S optometer, in its simplest form, is easily con- 
structed. Have two square wooden tubes made, about 15 inches long, so 
that one will slide easily in the other and still lit closely. The exterior 
one should be about an inch square, and the inner one divided into inches 
and lines. A piece of glass is set in the end A, fig. 846, and npou this a 



piece of tin-foil pasted in which two slits are cut \ an inch long, \ line 
wide, and about the same distance apart, Tbe inserted end of the inner 
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tnbe is also closed with a piece of glass covered with tin-foil with a slit ia 
it. The end B is closed with a piece of smooth ground glass or straw- 
paper. When the inner tube is pushed in all the way, the zero of its 
graduation must project beyond the end of the outer tube as fer as the 
distance between the slit on its glass and the two slits on A. If the 
tubes be held toward the sunlight with A close to the eye, and the inner 
tube drawn out until its slit is seen single through the two slits in A, the 
graduation on B will indicate the limit of distinct vision for that eye. 
The mean of the two positions must be taken in which the slit ceases to 
appear single when it is moved backward and forward It is still better 
to let the eye rest, and to seek the position in which the slit appears 
single to the unaccustomed eye. The instrnment is tolerably long when 
constmcted in this way, for it contains no convex lens like Stampfer's, 
but it is still quite serviceable The lens necessary to produce the normal 
effect, with the visual distance thus measured, can be found by calculation, 
or a scale attached to the other side which will indicate the focal distance 
of the reqnired lens. The numbers of the spectacle glasses usually run 
by Vienna inches. 

The following table contains the visual distances in inches corresponding 
to the running numbers of the glasses used in the trade, the normal visual 
distance being assumed at 8 inches. In selecting spectacles by this table, 
the feeblest glass should be nsed with whose number the slit appears 
single. 



NumlHF 


Viaual 


Number 


VIsun! 


Number 


Visual 


Nnin1«r. 


Visual 


OoDcave 




CoQCa-f. 


nistanca. 


Couvox.' 


Distan™, 


ConvM. 


KBlance. 


1 


0-88 


16 


5-33 


9 


72-00 


18 


14-40 


2 


1-66 


n 


5-44 


H 


59-30 


19 


13-81 


3 


aas 


18 


5-54 


H 


50-66 


20 


1333 


4 


2-66 


19 


5-63 


n 


44-57 


22 


12-51 


5 


3-01 


20 


b-V 


10 


40-00 


24 


12-00 


6 


.3-43 


23 


5-87 


10^ 


33-60 


26 


11-55 


T 


S-t3 


24 


6-00 


11 


29-33 


28 


11-10 


8 


4-00 


26 


6'12 


Hi 


26-28 


30 


10-90 


9 


4-23 


28 


6-22 


12 


24-00 


32 


10-66 


10 


4-44 


30 


6-31 


13 


20-80 


34 


10-46 


11 


4-63 


32 


e-40 


14 


18-66 


36 


10-28 


12 


4-80 


34 


6-48 


15 


.714 


38 


10-13 


13 


4-95 


36 


6-54 


16 


16-00 


40 


10-00 


U 


5-09 


38 


6-61 


IT 


15-11 






15 


5-33 


40 


6-66 











dbjGoogle 



PHYSICAL EXPERIMENTATION. 205 

C115] Duration of the impression of ligiit on the eye.— 

For this experiment we use the rotary machine witli the attachment, fig. 
347, upon which the pasteboard disks, painted with the j^ g^ij 
proper colors, are screwed. The disks are | to 1 foot 
in diameter, and covered with white paper, on which the E^ta 

colors are laid. The best colors are indigo, Prnssian a^^^^Wa 
blue, gamboge, and carmine ; these are mixed to form 
violet, green, and orange. To obtaitt white, the disk must be divided in 
proportion to the breadth of the several bands of the Kpectram, and 
painted with tho corresjionding colors, laid oh thift. The result will 
probably not be white, i.e. gray ; but the experimenter can judge from the 
tint obtained which of the colors must be deepe&ed to produce gray. 
Indigo and carmine produce a fine violet when carmine covers only 90°. 
Gamboge and indigo in the same proportions give green It is advisable 
to paint the margin of the disk, and a circle of about 3 inches around the 
center, black Instead of painting the disks, they may be covered with 
the bright-colored pajjers abed by the binders for the titles of books. 
[116] The thanmatrope. — This toy is too well known to need 

Fu ±S Fig 349 Fig. 350. 




^ _ 

description Fig 350 shows a modifacation of it mide by cutting a 
playing Lard through the middle, pasting '■he backs together, and fastening 
the end in a gioove m a round stick. When the stick is twirled rapidly 
between the fingers by two brass pegs driven in the ends, the whole' figure 
will be visible 

[111] The phantoSCOpe — The principle on which the drawing is 
mide IS very simple Ihe time netessary f ii t complete revolution ot the 
figure IS divided into as many parts as there are holes m the disk fig 351 
and the figure drawn under the hole in the positior in whi h it is to 
appear at each of these periods If several diiwin^^s are made they must 
be drawn on disks whose diameter is less by about the width of the 
apertnies and these fastened on the hrht larjje diak Figures may be 
diiwn on both siles of the sraill disks The simpleat way of setting the 
disk m revolution is represented la fig 353 a bas a brass wire abont 
1^ lines thick flattened slightly at top and bent twice at right angles 
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The smooth axis d e turns easily in the holes m « ; the button g is screwed 

oa this asis, and the disk fastened between it and the nut x, fig. 351 ; the 

Fig. 351. Fig. 352. 




latter must be made of biass Thp disL la turned by the button/while 
held at a dibtante of 2 oi 3 feet liom a mirroi with the eye close to the 
apertures 

Fig 353 Fig. 354. 




The mirror may be dispensed with and the expenment made visible to 
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several persons at once, bj fastening the disk witli tiie flgnrea opposite 
tliat with the holes, on the same axis, as in fig. 353, and on a larger scale 
in fig. 354. 

[118] Subjective colors. — The bright-colored paper used by the 
boolibinders is best for these experiments. Cut simple figures out of 
such paper and lay them on a brightly illuminated white ground ; after 
regarding them steadily for a moment jerit them away suddenly by a 
string. An easier mode of trying the experiment is to paste a strip of 
white paper, 1 millimeter wide and 1 to 3 millimeters long, on a piece of 
bright-colored glass : the paper will have the complementary color to 
that of the glass. This appears still more distinct when a piece of very 
white thin paper, of the same size as tho glass, is held behind it; but the 
shade of color is usually altered. Everything appears to the eye colored 
after looking for some time through a colored glass. Subjective colors 
may also be seen very well by looking for a time at the images of the two 
apertures described in the following paragraph, and then at another part 
of the white wall. 

Norremberg has eontrived an exceedingly convenient and simple 
instrument for showing the phenomena of subjective colors to a whole 
audience at once; fig. 355 shows a front view of it, fig. 356 a side view, 
and fig. 351 a section through the dotted line in fig. 355, It consists of 
a wooden frame, the lower half of which is double ; each part has a groove 
about 1 line in breadth and deptli. The front groove passes through the 
bars aa, c c, so that the slide, which is made of cardboard, covered with 
white paper, can fall to the bottom. 

The slide is of such size that when it is held up by a pin passing through 
the hole m no part of it will project below the bar a a. The upper part 
of the frame may, if desired, be covered with paper, so as to conceal the 
slide entirely. The half frame is closed at the back by a board b b. 
Squares of bright-colored paper, cut like fig. 359, slide in the back groove, 
so that the square section will occupy the middle of the field : «. is a black 
ball, 4 to 5 lines in diameter, fastened by a wire to the bar a a, so as to 
lie in the center of the lower field. The colors of the papers must be as 
intense as possible, and smaller pieces of the same are provided to slip 
behind and cover the section of the others. 

The experiment is made by placing two papers of different colors in the 
back groove, so as to have, e.g. a green square on a red field, and hanging 
the apparatus on a well lighted wall. Draw the slide up and fasten it by 
a wire passed through m, with a string attached ; let the audience look 
steadily at the black spot in the center for about half a minute, and then 
pull out the wire and let the slide fall; it will appear in colors the com- 
plement of those of the paper. 
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^ 356. Fig. 35T. 
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[179] Colored shadows.— This phi 

a strikiDg manner as follows: Make a s 



may be produced in 
the aperture of the 
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heliostat, with two holes, about ^ an inch in diameter and 2 to 4 lines 
apart; coyer one with red, the other with bine glass. Let the images of 
these holes fall on a white wall 10 or 20 feet distant; they will overlap 
each other in a great measure, and the parts which overlap will have a 
more or less white color, according to the shade of color of the glasses. 
If the images do not overlap sufficiently, the\clistance may bo doubled by 
reflecting them from a mirror. Hold a slender wooden rod, a iead-pencil, 
in the rays where they cross each other; it will cast a red and a blue 
shadow. If the pencil be held near the wall, the shadows will partly 
cover each other and form a black shadow; a black shadow results from 
obscuring either one of the apertures. 

[180] The stereoscope.' — To explain the manner of vision with 
both eyes, we need a cube about one inch on a side, and a Wheatstone'a 
or Brewster's stereoscope. The latter are now very common and cheap. 
It is well to have also a picture, the two parts of which are painted with 
complementary colors; it will then appear white ^ ^^q_ 

when seen through the stereoscope. The pictures ^^ 

designed for the stereoscope also appear solid when 
the two eyes are separated by a partition, so that 
each eye sees but one picture. The pictures do 
not at once unite, but they do bo after a moment. 
Fig. 360 represents an arrangement for looking at 
the pictures in this way. The pictures are laid 
on the board ab; the height of c d is regulated 
by the visual distance. 

[181] Camera obsciira.— A surprisingly 

beautiful result is produced by inserting a convex lens, of 4 to 6 feet focal 
distance, in a shutter of a dark room and receiving the image on a large 
white screen. The screen must be adjusted with reference to the distance of 
the objects and the size of the image. The best effect is produced when 
the view is of a place about two or three hundred yards distant. In this 
form the camera ubscura costs really notliing, for both the pieces can be 
used for many other purposes. The images are inverted, which is 
corrected in the ordinary arrangement with the mirror. Erect images 
may also be obtained with the camera obscura, by letting the light pass 
through a rectangular glass prism placed close behind the lens, as sliown 
in fig. 361. 

Fig. 361. 
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Aq ordinary camera obseura, fig. 363, is easily made by taking a wooden 

box whose length corresponds to the focal distance of the lens, and 

Mg. 362. 




inserting m the front of it a tube of pasteboard, inside of wliich a second 
tabe carrying the lens cin be slipped in and out. A good plate glass 
mirior is selected and placed at an angle of 45° with the axis of the 
camera The image is received on a plate of glass prepared by grinding 
with emery on inother plate. 

[Ife2] The solar microscope. — This instrument is not adapted 
to actual microscopic investigations, and it is therefore not best to spend 
raucli mjney on it But it is entertaining and well adapted to illustrate 
the action of lenses, and can be easily attached to the indispensable 
heliostat. The aperture of the latter is furnished either with a screen or 
a short tube. In the first case, a convex lens, of 4 to 6 inches focal 
distance, is mounted in a wooden frame a b, fitting in a pastebord tube 
m in, m m, fig, 363, which is about an inch less in length than the focal 
distance of the glass. If the heliostat is furnished with a short tube, the 
lens may be Qsed directly in the tube m m. by pasting a ring on the inside 
near tho end, laying the lens over it and keeping it in place by a wire 



Fig. iJ(53. 



Fig. 364. 




ring. This tube must fit the tube of the heliostat. A second tube, g g, 
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(easily obtained from an old telescope,) must fit inside of m m, and inside 
of this again the wooden cap n n, shown on s, larger scale in fig. 364. 
The object glass ia set in the small tuhe o o, whicli rests on the plate d d. 
If a compound microscope be at liand, the achromatic lenses from this 
may be taken and ilsed in pasteboard tabes. These small tubes must fit 
in the tube o o, and go to the bottom of it ; it is well to have the liole in 
the plate d d as wide as the tube o o. The interior is blackened through- 
out with indian-ink. The plate e e, which has a square aperture, is slipped 
over d d. Tbe screws r r pass loosely through the plate into the woodeE 
cap ; spiral springs, made of hard brass wire, are coiled around these 
screws to press the plate against the cap ; f f are knobs by which it may 
be raised. The slides are introduced between this plate and the cap. 

The room must be quite dark and the images be received either on a 
white wall or a large screen. Dry substances are placed in the ordinary 
object slides; fluids in drops on a piece of plate glass, or in a little 
trough formed of two parallel plates of glass, about 3 millimeters apart. 
For diy aod dead objects the tube g g must be so adjusted that they will 
be in the focus, but living objects and fluids cannot endure tlie heat thus 



[183] The compound microscope.— In pmchasing an instru- 
ment of this kind a good one should be selected at once.* A tolerable 
instrument will answer for the purpose of illustration, but the instructor 
needs a superior one for his own researches. It ia best to buy of a maker 
of established reputation; the instruments made by Oberhauser in Paris 
can be recommended as the cheapest in proportion to their power. 
Before buying a microscope which is casually offered for sale, it ia advis- 
able to compare its performance with that of a good instrument whose 
cost is known. The scales of Bombys Mori, or, stili better, of Lepisma 
aaccharinum, form very good test objects ; and, for very good instruments, 
scales of Hipparchia Janira fern. Care mnst be taken not to be deceived 
by preparations presented by the seller, for if they are skillfully made they 
may give rise to grosa deceptions in respect to the power of the instru- 
ment, A micrometer scale furnishes a more accurate test of its powers. 
Such micrometer scales are very costly, and not to be used with a magni- 
fying power below 100, the lines of the first group being only one 
thousandth of a Paris line apart. In judging a microscope the size of 
the field of Tiew is to be considered as well as the magnifying power and 
clearness and distinctness of the image. 

Although the optical effect is the chief consideration, the price also 

* The microscopes made by Soiiiek in Berlin are very highly commended. 



dbjGoogle 



212 PiniiriL EXIERIMENTVTION 

vanes with the perfection ot tbe meehanihin In poweifal instruments 
either the body of tte instrument or the objective must have a steady 
motion by a mif lometer aaew The object should be illumuiated fiom 
above ab well as by the mirror from below which should be effected by a 
cocvex lens attached to tlie side which is far better than Liebeikubns 
miiror Another consideration is whether the instrument is piovided 
with an oculir micr imeter or an objective micrometer on glass or a 6cien 
micrometer. For common use an ocular micrometer is most convenient, 
but it is necessary then to know the magnifying power of the objectives. 
Objective micrometers are more convenient for determining magnifying 
powers, but the fine lines soon become dirty and opaque by being used 
with various objects. Screw micrometers are the most accurate, but 
cannot be used with all objects. Finally, the instrument must have a firm 
basis and a suitable case. If it admit of use in a horizontal position, so 
much the better. All these pai'ticulars, and especially the many small, 
and for the most part quite useless, articles which are sold with micro- 
scopes, are of secondary importance, but they materially affect the cost of 
the instrument. 

The power of a microscope is considerably increased by making the 
aperture in tJie stage but little larger than the field of view. But as this 
varies with the different powers nsed, and the stage must have a larger 
aperture for some purposes, it must be adapted to receive screens with 
apertures of various sizes, enlarging below. These are easily made ; the 
edge of the opening must be very sharp and bored smooth. The aperture 
and the whole upper surface must be blackened. The screens with larger 
apertures may be mide of ebony Fig 365 shows a screen of this kind 
in place 

Fii oCj Smafisquaies of a'as with 

lounded edges are reces ary 
as supports foi transparent 
objects The prepar itioiis 
m i> I I^iil I etweeu t« su h i k and paper j asted over all but the 
spot occupied by the object fig 3tb The name is wnttcn on the paper 
One cf the plates mast be veiy 



rn 



thin to enable the objective to be 
brought clo'ie to the objc t espe 
cully with compound lenses The 
opticians ell extremely thin glass 
prepared expiessly for this purpose 
it IS rather expensive This ^lasa 
IS not strong enough to bear the 
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pressure of a glazier's diamond; it must be marked with a. sciatclnnii 
diamond, and tlien brolten. Many small objects mav be made beautifully 
transparent by being mounted in Canada bilaam Lay a drop cf balsam 
on a slip of glass, warm tbe glass slightly and press the object into the 
balsam; add a second drop on the tjji of thn and press it flit with 
another slip of glass. The objects to be mounted thus must be previonsly 
dried and the balsam quite liquid otherwise the raoistuie will adhere to 
them in minute drops. It is very difficult to avoid air bubbles but they 
may be gradually worked out by lateral [le&suie the balsam itself must 
first of all be free from bubbles. The plates mnst he long enough foi the 
balsam to harden before they are cleaned off esteraally. This mode of 
mounting is not suited to all objects. 

Insects of the size of a ilea are prepared by squeezing out the intestines 
through an incision made with a lancet in the abdomen, and carefully 
removing the extruded parts. The empty shells thus obtained proi^uce 
surprising effects under moderate magnifying powers, e&pecially with the 
solar microscope. 

The reflected light of white clouds or white houses produces the best 
illumination : direct sun light cannot be employed for the purpose, The 
light of a lamp with an Argand burner is excellent, especially fur illumin- 
ating tbe object from above. 

In order to choose the proper combinations, it is necessary to know the 
magnifying powers of the several glasses. The statements of the dealer 
are not to be implicity trusted in this matter. The only mode of de- 
termining this accurately is by direct comparison. Lay an object, whose 
size has been accurately measured with a micrometer, under the instrument, 
and look at it with one eye while the other eye is fixed on a scale marked 
with heavy lines on white paper and placed at the distance of distinct 
vision. With a little pra^^tice the observer will be able to see both 
images distinctly, so that the one will cover the other, and he can then 
read off the number of gra^luations the object covers on the scale. The 
reading is rendered more difficult by the tendency of the two images to 
move over each other, but this difftculty decreases with the size of the 
object The mean of several measurements must be taken, and the powers 
obtained reduced to the normal distance of distinct vision, unless the 
operator can observe the scale at the distance of 10 inches, this being the 
distance usually assumed by the opticians in calculating the magnifying 
power. 

The unpleasant shifting of the images in respect to each other may be 
entirely obviated by a small steel mirror {Sommering's mirror) over the 
ocular in such a position that the object can be seen in a horizontal 
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direction ; the scale may tlien be fixed m the s 

fig. 36T, s 

Pig- 367. with one e 




me direction, as slioivn in 
that both shall bo seen 
;. A camera lucida, used 
! way, answers the same 



Having measuied all the objectives 
with the feeblest ocular, measure in 
the same way aJl the oculars with the 
feeblest objoctiTe, and calculate the 
coefficients by which the magnifying 



power of the feeblest ocular must be multiplied to obtain the power c 
the others. Enter these data in a table similar to the following:- 



tts^^Mtto 


Oouler.Ko.l. 


OdQlar, No. 2. 

c«W 


"Sf' 


1 

2-1 









When the Instrnment has an ocular micrometer, it is only necessary to 
determine the power of the objectives : this is done by simply noting the 
number of divisions which an object of known size covers on the ocular 
micrometer. The position of the ocular micrometer in the instrument 
varies with the visual distance of the observer, and must be found by 
experiment As a rule, the more powerful oculars are only used when 
the magnifying power is to be increased without moving the object. 

The instrament, when not in ite case, must be carefully protected from 
dust. Any dnst which settles on it should be removed with a fine hair 
pencil. When the glasses appear clouded they should be wiped with 
soft chamois leather, aftei carefully biushmg off the dust, which might 
otherwise sciatch the glasses It is still better to use a piece of old linen, 
washed in pnre water without soflp, and afterwards dipped in water into 
which prepared chalk has been stirred 10 or 20 minutes before, and then 
dried This linen and the leather must both be kept folded in paper and 
used for no other purpose Elder pith, cut with a clean knife and freed 
from the hard rind, is particularly "suitable for cleaning out the corners 
and angles If the achromatic combinations are not cemented together, 
dust will sometimes find its way between thorn ; should it be necessary to 
take them apait it must be done with great care, and their relative 
positions fiist marked with a scratching diamond. 

Any compound micioscope miy be used as a solar microscope by 
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reflecting a ray of light from iis mirror ic a dark room. The image will 
be receiyed on the ceiliug. 

[18i] Tlie telescope. — The theory of the telescope may be illus- 
trated by lenses fixed in the sockets on the frame fig. 315. The image 
may be viewed directly by removing the ocular of a telescope and sub- 
stituting for it a short pasteboard tube, blackened internally. If a screen 
of ground glass or straw paper be placed at the proper point iu the tnbe, 
the image will be thrown on it. The theory of the compound microscope 
may be illustrated in the same way. 

In purchasing a telescope a good achromatic terrestrial instrument, 
magnifying 10 to 20 times should be selected, which vrill be available for 
experiments on dtffi action 

An astronomit,al telescope must, at least, be sufficiently powerful to 
show the rings of Saturn distinctly. 

Fig. 368 represents i simple method of mounting a telescope equatori- 
ally : a'ls a, heavy block of wood covered on the bottom with cloth, the 
angle a being equal to the polar elevation of the place. Fig. 369 is an 
enlarged view of the louit s The telescope% fixed in the ring p p. The 
block is set on a, level plotting table, with the axis a 6 in the meridian. 



Ftg abb 





A star Ijt ing in the Held of the telescope, the joint s is tightened, and the 
instrument turned on the axis a h, so as to follow the star. When the 
telescope is mounted on a tripod with vertical and horizontal motion, the 
tripod may be detached and the upright post fastened immovably to a 
instead of the axis a 6. It might also be screwed to a block with one 
face parallel to the equator, as in fig. 3'rO. 

The value of a telescope depends less on its magnifying power than on 
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its clearneas aDd definition. 



Fig. 3T0. 




Tlie best way of comparing two instruments 
is to measure the distance at 
which the same print can be 
read with each, A clear sharp 
type on white paper should 
be choseu for the purpose. 

[185] Reflecting tele- 
scopes. — An instrument of 
this kind, ttiough no longer 
made for use, is convenient for 
illustration and for many ex- 
periments. A casual oppor- 
tunity to purchase au old one 
should, therefore, be improved. 
They are easily refitted if the 
reflector and the lenses are 
good. 

[186] The magic lan- 
tern. — A powerful instru- 
ment may be constructed with- 
out much cost, by making use 
of the lenses and mouuting of 
a camera obscura designed for 
photographic purposes. Have 
a tin box made to fit over an 
Argand lamp, as shown in fig. 
371, with a door in the side, a 
small tin reflector on the back, 
and a tin tube set on the slide 
lest a to receive the lenses and 
their monntmg The length 
of this tube must be adjusted 
1CC01 Imf, to the focus of the 
m^trun ent 



[e.) EXPEEIMEITTS ON THE UTTERFEEEITCE AND DIF- 
FRACTION OF LIGHT. 
[18T] Tlie mirror experiinent.^This experiment is made 
with two pieces of the same mirror. Take a piece of plate glass which is 
not very thick, 2 to 3 inches long and 1 to 1| inches wide, and cut in 
halves by a clean stroke of a diamond : if it does not break with a straight. 
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smoolL edge, try anotlier piece. Round the edges on the other three 
mdts with a file or sand. 

Clean carefully the side on which the cut was made with alcohol and 
blotting-paper, and apply 4 to 6 thick coats of indian-ink, so as to form 
an opaque coating, Ea«h successive coat must be applied by gentle 
parallel strokes of the brush, for the least pressure will loosen the previous 
coats. The strokes must always cross those of the last coat. Black 
sealing-wax, or lamp black mixed with oil of turpentine and a little 
varnish, may be used instead of indian-ink. 

Take a block of wood, fig. 312, with a stem fitting in one of the stands, 
color it a dull black, and smear a little shoemaker's was in the middle and 
along the edges of one side. Lay the two pieces of glass on the wax with 
the cut edges together, and press down the middle so as to give the plates 
a slight inclination to each otlier, just sufQcicnt to show a double image 
of a window bar 10 to 30 steps distant. The edges must fit evenly 
together 




The experiment may be made with a candle, or a lamp with a narrow 
flame, without a screen ; bnt the lines are more distinct when a screen 
with a slit not less than one line wide is interposed. The arrangement 



with a gas flame in § 161 is very convenient, 
between whose bars m and n either two slid 
single slide a b, fig. 374. All the parts of the: 
fitted. The arrangement of the slit shown in 1 
The room need not be dark. 



Fig. 373 shows a screen, 
!S may be inserted or the 
e slides must be carefully 
g. 333 is very convenient. 
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Place the two blackened mirrors on a level with the 1 ^It it a distinct 
of 10 to 15 paces ; at a less distance the lines though still visible will be 
mucli less distinct. The line of juneton of the two niriora must be 
parallel to the flame or the slit and the mirrors set in exceed ngly small 
angle to tlie rays of ligiit The Lght should be observed through a lens 
with a magnifying po ler of 4 to 6 time fixed on a black frame as seen 
in fig. 37 J and pi iced 1 to 2 feet distant f om the mirrors 
^^3 3'^S nearly in a stiiight 1 ne with the slit and the middle of the 
mirror The light screen and mirror may be fixed on the 
stmd fig 315 and the lens set on a separate stand. 

If the e\pt,iiment be made with sunlight, the slide, fig. 
374 13 att-iched to the heliostat and the lines shown on a 
screen cf straw papei Objective demonstrations save 
much time "ind the lecturer is sure that the audience really 
see the phenomenon whith is not always the case other- 
wise An apparatus is often displaced, and the fact escapes 
notice until many persons haie looked and seen nothing. 

To make the experiment with homogeneotis light, sun- 
light is almost indispensable. A piece of glass of the 
proper color, or a bottle with parallel aides filled with & 
colored liquid, is placed before the opening in the heliostat. Ammonio- 
sulphate of copper yields an admirable blue solution. It is obtained by 
adding ammonia to a solution of sulphate of copper until the greenish 
blue precipitate at first formed is redissolved. Tlie solution can be kept 
unchanged for years in a closely-corked phial. Table salt sprinkled on the 
wick of a spirit-lamp imparts to the flame a tolerably homogeneous yellow 
color, which may bo rendered completely so by transmitting it through a 
brownish-yellow glass. 

[188] Experiments with the interference prism,,— It is 
tolerably difficult to obtain a biprisma both parts of which give an equally 
small refracting angle. Almost any piece of thick plate glass may be 
made to answer the purpose, for the surfaces of plate glass are seldom 
parallel, and it is only necessary to ascertain the direction in which, if 
prolonged, the faces would intersect each other. This may be done, 
according to Ohm, by fixing a dark screen with a fine slit before a window, 
and placing the glass about a foot from it in such a position that the slit 
can be seen in it. Two images will be seen, one reflected from the nearer 
and the other from the farther side of the glass, from which the coating 
has been scraped off. But the two images will only lie in the same 
straight line when the plane of reflection is perpendicular to the edge of 
the refracting angle which the two surfaces of the mirror make with each 
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other. This direction is easily found by turning the mirror, and the 
direction of tlie plane of reflection marked upon it. Cut a strip about an 
inch wide out of the mirror at right angles to this direction, and take two 
pieces an inch long from this. It ia easy to find with the callipers on 
which side they are thickest; this is ground perfectly plane. To avoid 
splintering the edge during the grinding, cut a slight bevel on the edge 
first, and grind it away finally with very fine emery. The other three 
Bides need not be ground so carefully. Fasten a strip of brass m m to a 
board a h with a handle, fig. 316, and lay the two prisms against this 
with their bases together. They may be kept 
in pla«e by little brass springs c c c, or cemented ^'9- 3T 6. 

with Canada balsam. Pr sma of th s k d can 
be used with a much finer si t than m o a, and 
are particularly seryiceable tv th homogeneous 
light. The whole apparatus can 1 e arranged 
on the beam, fig. 315, at the same 1 stances as 

[189] Newton's ringS.~The nng? may 
be shown very beautifully with a convex lens of 
about 4 feet focal distance, and a piect of plate 
glass, their breadth and beauty increase, how 
ever with the fooal distance of the lens For 
exhibition the lens ind plate must be set m a 
frame so that tho pressure of the two glia&ea upon each other can bo 




increased at pleasure Two 'tout plates of brisa with apertures i 



the 



.jIT is all that is 
Fig o77 




center and held together by four s 

needed To make the iings more distinct 

by leflected light lay the apparitua upon a 

black giound and virw it obliquely As 

the lings show bnt fiintly by tran=!mittel 

light it IS bettei to pioject them on a 

white wall by means of a solar mieroseopo 

with a low power The distinctness of the 

image is increased bv covenng the lower briss phto with bkck paper 

and leiving in apertuie only as great as the diameter ot the iings 

To insert the apparatus in the lolar microscope a tube of paiteboard 
must be raide to flide m or ovei the tube m m fig 3G3 just large enough 
to leceive the glasses and provided with a smaller tulie a, as in fig 378 
for the adjustment of the lenses. 

Crystals with perfect cleavage, sneli as gypsum, mica, and calcareous 
spar, may be used to illustrate the colors more fully. They usually contain 
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air inclosed between the lamiiiEe, or it may be easily admitted by attempt- 
ing to cleave tliem with a Isnife. 

Newton'a rings may be shown very beautifully by 
Fig. 318. laying a strip of gold-leaf, about half an inch wide, 

aroand the margin of a disk of thin glass, 3 to 6 
inches in diameter, laying the gilded side of this disk 
on a similar one blackened on the back, and pressing 
them together in the center. The pressure shonld be 
applied hy a blunt pamtcd stick of wood. Slips of 
glass glided at the ends may be substituted for the 
disks, butthey do not exhibit the rings so well. The 
gilding mi^ be applied by breathing on the clean 
gkss ind laying it on a sheet of gold-leaf as far as 
requned and then cutting the gold-!eaf by drawing a 
sliarp knifo with a convex edge around the edge of 
the gliss without moTing it. The two pieces of glass 
may be united by pasting paper around the edges. 
To make the esperiment with homogeneous ligkt, the wick of a spirit- 
lamp may be strewed with salt. The rings are always more numerous in 
homogeneous light, and two glass disks separated by gold-leaf appear 
quite covered with them. By placing the apparatus successively in the 
different colors of a spectrum produced hy a prism of flint glass, the rings 
appear very numerous, and the differences in their breadth in different 
colors may be perceived without measurement. 

To show Newton's rings with soap-buhbles, make a solotion of good, 
dry, home-made soap (the finer kinds are not nearly so good) in pure 
soft water, in the proportion of 1 to 180 or 300. Filter the solution 
while hot. It is better to allow it to stand 34 hours, and to avoid stirring 
up the sediment which subsides. When the solution is cold it may be 
used as follows : — 

(a) Place the solution in a saucer over black paper by an open window, 
and with a small glass tube blow a hemispherical bubble about an inch 
high. Withdraw the tube before the colors appear, and cover the saucer 
with a bell-glass. The colors make their appearance on the summit of 
the bubble and spread in every direction. Often all the rings with the 
dark central spot form at once, and grow broader. As many bubbles 
break before the rings are all developed, and the development proceeds 
slowly, this process is not well adapted for class instruction. 

(6) Pass the glass tube through a cork and blow the bubble inside of a 
bottle. Cease blowing before the colors appear, and close the tube with 
a ping of wax. The rings appear around the tube. The color which 
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occupies the space nearest tie riag is oft«n 1 to 2 lines broad. But the 
rest of the colors are generally narrow,-andtlie successive rings crowd the 
preceding ones aside. The bubbles remain for a considerable time. 

(c) The bands may be produced very beautifully and certainly by dipping 
the mouth of a tumbler into the suds and holding the film thus formed 
obliquely ; the higher parts becoming thinner, the colors appear in bands. 
This experiment is very easily made, the bands are developed very rapidly 
and attain a considerable breadth ; the experiment is, therefore, well 
adapted for illustration, although the film which covers the mouth of the 
glass soon breaks. 

(d) Boil a more dilute solution of soap (^Jg) for some time in a white 
phial, in oi-der to expel ail the atmospheric air, cork it quickly, cut the cort 
even and seal it If the bottle be shaken after cooling, bubbles will be 
formed which show beautiful colors and stand a long time. But these 
colors are at first seldom developed in their regalar order. When such a 
phial has been nsed for some time, the colors appear with increasing 
regularity and beauty over the film wiiich covers the whole side when it is 
held obliquely ; and as the phials are always ready for use, they are very 
convenient. According to Eisenlohr, the colors are exhibited with remark- 
able beauty when a phial tiins prepared is fixed to the center of the wheel 
of the whirling machine, and a rapid revolution imparted to it, after 
forming by agitation a film extending across the phial. 

Very thin films of glass may be formed by heating a glass bulb and 
blowing it out suddenly until it bursts; the fragments will glow with 
the most beautiful colors. Thin films of liquid poured upon a darker 
liquid exhibit very beautiful colors : especially the ethereal oils poured 
upon water. 

The best means of viewing these rings in homogeneous light is through 
colored glasses. With colored glass, rings may be detected in the 
experiments a and b long before they can be seen with the naked eye. 
The difference in breadth is veiy perceptible when blue and red glasses 
are interchajiged. But the difference is most distinct when one-half of 
the ring is covered with blue and the other with red glass. 

£190] Grimaldi's experiment. — Make two holes of the diameter 
of a medium-sized needle, ^ to ^ an inch apart, in a slide of thin metal 
fitting into the heliostat. If a sunbeam bo thrown horizontally on these 
holes and the image received on a screen of straw-paper, in a dark room, 
at such a distance that the two images will cover each other to one-third 
or at most one-half of their extent, a dark border will be perceived on 
that edge of each image which is next the other, while the middle 
of the space where the two images coincide is lighter than that which 
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is illumined by a single hole. If one of the holes be < 

dark borders will disappear. The holes may be made in tin-foil pasted 

over a larger aperture in a board. Ab glaaa mirrors always give more 

than one image, several images of the aperture will be seen on the screen ; 

but the main fact will, under favorable circumstances, still be distinctly 

visible. 

[191] Experiments on diffraction. — The fundamental es- 

periments on this subject are the objective exhibition of diffraction by 
means of a slit, by a circular aperture, and a thin opaque body. These 
must be shown objectively in the simplest and most direct manner, though 
there are other means of showing the phenomena on a greater scale. 

For these fundamental experiments sunlight is necessary. Arrange the 
sHdes, fig. 331 or 332, in the heliostat so as to form a vertical slit, about. 
^ a millimeter wide, through which the ray of light is directed horizontally 
toward a whit« wall, 15 or 20 feet distant, in a dark room. About 5 
feet from this fix a vertical slit by means of the slides, fig. 313 or 3T4, or 
the wooden ring on the telescope, to be described presently. When tie 
second slit is narrow, the spectra will be distinct and broad enough to be 
seen by several at onee. The effect of a change in the width of the 
diffracting slit may also be shown. 

The second experiment is the dlfi'raction caused by an opaque body. 
Fasten a needle on a stand so that it can be placed in the middle of the 
beam of light coming through the slit in the heliostat. The shadow of 
the needle will have colored margins, and similar bands will be perceptible 
within the shadow. The breadth of the colored margins will increase 
with the distance from the wall. 

A third experiment is made with a round hole. For this pui'pose nialte 
a hole 2 millimeters in diameter in the heliostat, and in the screen, fig. 
313, a similar one of half the size. Concentric bands will be visible 
aroand the image on the wall, but they will not be so distinct and clear as 
with the slit; the second or third ring will hardly be distinguishable. A 
screen of straw-paper may bo advantageously substituted for the white wall. 

These phenomena, like those of interference, can be better seen through 
a lens. 

[192] To observe the phenomena of diffraction with simple light, 
colored glasses and a lens or telescope must be used. The author has 
never succeeded in obtaining lines by throwing simple light upon the 
second slit by a prism placed between the two. The telescope is the 
best means of observing these phenomena; it requires a magnifying 
power of only 8 to 12 times. The telescope of the theodolite is the best, 
and, for measurements, the only instrument. 
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Fit to the objective end of the tolescope a wooden ring B, fig. 319, into 
which a coniLfll wooden collar C slmwn in section in fig, 380, fits tightly 
by a washei of leather Tavf eoilar has a flange around the top to hold 
the disks in which the diffra tmg apartuies are made. 

riq 879 




The following ariangements are convenient for instruction : — 

(1) A douljle slit as -ihown in fag o81. A slender wire is fixed at 

right angles to the hais in n and the slides b and c arranged so as to fit 

closely against it leaving a slit on one or both sides, of it at pleasure. 

The slides are about half an inch high, and the square apertare in the 

disk a little less m size 



Fi'i 8»2 




Fiq 381 



2) A grating mide hv fistcning several pieces of knitting needle over 
a square hole with spacts eijual to their own diametpr between them. 
There may be two of these differing in the thickness of the wires. 

(S) A piPf e of wire gauze fastened in a wooden colJar by means of a 
wire ring 

(4) Several rounii apertures vaiying in size from 2 millimeters down- 
ward. The smallest ones may Ijo made with a needle in a piece of tin- 
foil pasted t) A ciicular disk fig 3b2 

(5) A 'ilip of tin foil with two round holes at the distance of their 
diameter from each other and another with three apertures similarly 
disposed so as to form an equilateial triangle. 

(6) A rliombie apeiture from 1 to 3 millimeters on a side, and two 
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similar oaes with their axes parallel, and separated by tlieir breadth from 
ea«h other. 

(1) Pieces of bobinet, Bi!k, etc., stretched in larger rings. 

The experiments maj be made either with sunlight or lamplight, but in 
the latter case all the apertures must be larger. For sunlight the aper- 
tures must he set very fine. Only sunlight can be used for experiments 
with simple red or blue light. 

[193] In making the experiments, arrange the telescope, to which the 
wooden ring B, fig. 3T9, has been attached, so as to fnrnish a distinct 
image of the aperture through which the light is entering at a distance 
of 5 to 10 paces. Insert any of the diffracting arrangements described 
above, taking care to place the slits and grating parallel to tho illumina- 
ting aperture. The phenomena of diffraction may now be seen by looking 
through the telescope without darkening the room. If sunlight be 
employed, the light which passes through the telescope maybe caught on 
a white screen in a dark room, and the phenomena exhibited to a whole 
class at once. The donble slit and tho gratings are well adapted to this 
purpose, because tliey permit the passage of sufficient light to make the 
image very clear. The telescope mnst be drawn out so as to make a 
distinct image of the apertnre in tho blind on tho white screen. 

It is well to place over the wooden ring already mentioned a screen of 
pasteboard, from 3 to 6 inches in width, to present the interference of the 
rays of light which pass beside the telescope. These rays are caused by a 
mnltipiicity of images from the glass mirror of the holiostat. 

By mounting the wooden ring B, fig. 319, on a stand, its appendages 
may be used in the objective experiments first described (§ 191.) 

If lamp or gas light be employed, place the screen, fig. 373, before the 
lamp, or the chimney, fig. 320, over the gas flame, with a movable slide 
or a ronnd hole at least 2 millimeters in diameter. 

Instead of admitting the light through a ronnd hole, it may be reflected 
from a thermometer bulb, a watch-glass blackened on the inside, or a metal 
button ; and instead of a slit, the reflection from a glass tube, blackened 
on the inside with sealing-wax, may be used. These may be viewed 
either through the telescope or with the naked eye, through the diffracting 
apertures. In the latter case, the sonrco of light must be at the distance 
of distinct vision and the apertures very small. The simplest way of 
making regular difl'racting apertures is certainly to cut them in tin-foil. 
Round apertures are made with a needle, and slits by a single cut with a 
knife over a smooth support. 

To observe tho simple phenomena of diffraction, one need only look 
toward the sky through the slit between the fingers; two or three lines 
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will be Tisibie, which are even slightly colored. The same effect is pro- 
duced by looking with half-closed eyes throngh tie eyelashes, or through a 
piece of silk, at a distant liglit ; e.g. through a silk umbrella at a distant 
street lamp, in which ease the spectra are tolerably distinct. 



(/.) EXPERIMENTS ON THE POLARIZATION OE LIGHT. 

[194] Undlllations of polarized light.— The character of the 
undulatioDs of polarized light is very clearly illustrated by the appara- 
tus fig. 383. It consists of a twisted wooden cylinder, as shown in the 
Fg H3 




figure, w . T n n ade of hard and eoond 

wood, and carefully polished. A number of straight wires terminating in 
knobs are passed through boles in the frame, so as to move up and down 
when the crank is turned, and by their motion to represent the waves of 
polarized light. 

[195] Polarizing apparatus. — The simplest apparatus of this 
kind consists in a tube ABC, lig. 384, which may be made of pasteboard, 
cut away to the middle at B G. It is closed at B and E by diaphragms 
with a central aperture about half an inch in diameter; the end closed 
entirely. The diaphragm at S is placed a little way from the end, as 
seen in the figure. The whole tube is blackened internally. A small 
block, fig. 385, the lower side rounded to fit the tube, and making with 
the upper an angle of 35° 35' is glued into the part B G. The black- 
ened mirror D, fig. 384, is cemented to the upper side with cobbler's 
15 
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was. Two shorter tubes A and E are slipped over the upper end, the 
iDner one glued fast, and the outer made to support a blackened mirror 
H between two bars G G', F F'. Thia mirror may 
either be fixed in grooves at the polarizing a 
glass cr fastened to a board made to tura on 
This outer tube and mirror maj be replaced at pleasure 
by a diEferent analyzing apparatus, such as a j)late of 
tourmalin or Iceland spar, etc. The whole apparatus 
raiy be easily mounted on a stand, as slio 




The upper mirror of this apparatus cannot be seen conveniently in 
every position, and when standing vertically it must be illuminated by a 
lamp placed on a lower stand This is not advantageous even for the 
fundamental experiment of polarization, and entirely inapplicable to the 
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experiments iv th plite f cr 1 !, when the appaiatus is indmed how 
ever, the plates wil! not I e m their proper position on the top of the 
tnbe. Ihe m t conven ent apparatus is that described by Niirremheig 
which the e i r menter ca construct for himself well enough if not able 
to purcl aso a o n^ Icte n trnment , for some of the instruments sold 
under th s name cannot be used for ail experiments The apparatus is 
shown in fig b and 3bb ^ of the real Size 
Fig. 381. 



Mg. 888. 





Two cylindncal i(ds made either of old, thoroughly seasoned wood, or 
of brass are fastened into a block of wood. A round or square miiTor 
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is laid over paper on tliia blocli and fastened witb brass bars, or strips of 

paper pasted around it. Two cubes of cork sliding over tlio rods serve to 

support the mirror A B whkh tuins somewhat stifHy on its axis. More 

simplj still the miiror may be fixed without a frame, in 

Fiij. 389. grof^ea cnt in the corks at an angle of S')" 34' with the 

Jperj eiidimlai Before fixing these ccrlis on the rods, a 
cork Buppoiting a who bent into a ring at the end, fig. 
389 is slid ovei one of the ro is This w ro is designed to 
hold a lens, the center of which must be in the axis of tie 
instrument. It is, however, not needed in most experiments. 
Above the mirror is a disk of brass, wood, or pasteboard, 
supported in a similar manner on two rings of cork. 
Binder's board may be strengthened for the pnipose by pasting paper 
over it, which should be white above and black beneath. This ring is 
perforated in the middle to receive a second ring, which is shown in fig. 
390. It consists of two pieces pasted together, the 
Fig. 390. lower one smaller than the upper and perforated with a 

- »: B flHIBgM i, <jjMB i smaller aperture. The edge of the upper ring is 
beveled off, which can be done with a file if the paste- 
board is saturated witii glue. A circular piece of plate glass is fitted 
loosely into the ring F F. A disk of tin or pasteboard of the same size, 
with a cironlar aperture in the center about 2 lines in diameter, is also 
provided, and both it and the ring blackened. 

Before setting on the npper ring G Cf, a wire like fig. 389 is fixed on 
one of the rods in the same way. A shoulder is filed on the ends of the 
rods to receive the ring G G, which is kept in place by rings of corks, or 
glued fast after the adjustment of the apparatus is completed. The 
ring G G is covered with white paper above and black below, and supports 
another ring made exactly as F F, except that the aperture has the same 
dimensions throughout; into this aperture is fixed a short tube H H. 

The rings S E and G are divided into eighths, with the zero in the 
plane of reflection of tlie mirror. A mark made on the beveled edge of 
the ring ii"^ serves as an index. The analyzing apparatus is set in the 
tube H M, and made to revolve with it around the ray of light. 

[196] The principal analyzing apparatus is the second mirror, whiek 
may be made just as was directed for the other polarizing apparatus. 
The tube which contains it may be made to fit over S H. A mark is 
made on the tube which coincides with the mark on HM, when the two 
mirrors are parallel. 

Another tube is made to fit in S S, closed at top by a disk with an 
aperture large enough to hold one of the toarraalin plates from the appa- 
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ratas to be desciibed piesentiy A mark la made to iudicate the position 
the plite molt haye when its axis lies in the plane of polarization, and 
the index on 7 7 cc incides with zero of the division. In polished crystals 
thia position is readily rerognized by its pieyenting the passage of light 
polanzed by the mirror A B 

Anothei tube contains 8 oi 10 plates of very thin glass, set at an angle 
of 35° 34' with tlie axis of the tube This is most easily accomplished by 
fitting into the tube another whieh is cut off at this angle, laying the 
plates on this and fastening them, below by a ring cut at the same angle. 
Bits of very thia ghss miy sometimes be obtained from the dealers io 
glassware but they are not often white enough to allow sufficient light to 
pabs through 8 or 10 plates Glass suited to the purpose may be obtained 
fiom an optician Plates snly half an inch in diameter will answer if 
laiger ones cannot be had Ti e tube is previously blackened on the 
inside and closed at the top leaving au aperture a quarter of an inch in 
diameter A mark is midc on the outside which coincides with the zero 
when the plates aic ptiallel to the polarizing mirror. A tube of this 
kind IS represented in hg 5<H 

A fourth tube fitting on fl' if contains a prism of Iceland 
spar rendered achiomatic by means of glass It is better Fig. 391. 
to buy this pnam from an optician foi the very facility 
with nhch it jiclds to the means emploied to grind it 
renders it very difficult to do this with exuLtness. 

Clear rhombohedrons 15 to 20 millimeters long and 10 
to 15 millimeters broad are used for the purpose. The 
section is made thr 1 th bt gl fth h mb h 

dron, and the part t if ^lac dby p f gl fth 

same size and sh p A I 1 1 i hi 1 

enough for optical purp th i th 

crystals should be w d tw w th fi w th t b th pieces can 
be used. The surf g d th tl fl t m y ew piece of 

pi t I d p I h d th ] vig t 1 fi f It or canton- 

11 1 Tl fcl m t b m t 1 th p w th 1 less Canada 
1 I m 1 th 1 d th h wi I tl t m d overed with 

bl k t p It 11 1 t th ther surface of the crystal with 

pi t f y tl gl 1 t p t t it from scratches. Canada 

1 1 m I d ! y I t th f t is already thick, the pieces 

t b m te 1 h id 1 t 1 w m d If the balsam is too thick, it 
mtbditlwtl tfldpt ft pentine. It requires several 
w k f th bal m t h d fB tly to operate farther upon the 

ytal Thtm j dfhd f, may be very much lessened by 
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dissolving solid Canada balsam in twice its weight of sulphuric ether ; the 
pieces may then be used in a few days ; but this process does not answer 
well for microscopic objects. 

is fitted accurately into a cork of the thickness a b, fig. 302, 
and this inserted in the polarizing apparatus, so that the 
normal line to the cry stallo graphic axis will be nearly 
vertical. The position of the principal section of the 
crystal must be indicated on the outside, and this mark 
made to correspond with the mark on the polarizing appa- 

The fundamental experiment in polarization must be 
made by throwing the polarized light on the upper mirror 
of the apparatus, whether it be Norrcmberg'a or any other. 
For this pur[)ose a candle is placed m a suitable position, and the pupils 
allowed to watch singly the course of the flame in the mirror while the 
latter is slowly revolved around the axis of the apparatus. The phe- 
nomena cannot well be exhibited olijectively with the mirror, on account 
of the constantly varying position of the image on the walla of the room, 
which is of itself sufficient to cause the intensity of the light to vary; 
besides that, when sunlight is used, too much unpolarized light reaches the 
second mirror and produces an illumination in any position. With any 
other analyzer the experiment may be shown objectively. The achromatic 
prism of calc spar is best for the purpose. A screen, with an aperture 3 
lines in diameter, must be laid on the middle stage of the apparatus. 
flSI] Tlie toumialill apparatus. — Fig. 393 shows the whole 
apparatus on a reduced scale, and fig. 394 a single 
plate with its mounting of the natural size. The 
plate, cut parallel to the optical axis of the crystal, 
is set in cork and mounted with a rim of brass 
corresponding exactly to its thickness. The aper- 
ture a d is made so large that it just embraces 
the plate. The cork and the anterior surface of 
the brass frame must be blackened. The thickness 
indicated in the figure is sufBcient, even for the 
light-green varieties. Transparent crystals, al- 
though more costly, are preferable, because they 
need not be sliced so thin; but the dark varieties 
polarize more perfectly. In order to make the 
dark crystals transparent enough, they must often 
be sliced as thin as paper. The plates are secured 
from breaking during the grinding by cementing 
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Fig 395. 




Fig 396 



Fig 891 



them to plates of glass. Tlie pktea may be connected by a wii'e, beut as 
in flg. 393, and provided at each end with a ring fitting the mounting. 
The elasticity of hard-drawn brass wire will be sufficient to hold the plates 
fast and allow them to be turned round with a certain degree of friction. 
This form of the apparatus is liable to the objection that the tourmalins 
cannot be brought into close contact with a thick crystal ; and, moreover, 
that being only supported below, the crystal is 
opt to fall ont and be injured. Besides this, 
the tongs are opened by pressure, which is 
awkward, and liable in unskillftil hands to occa- 
sion damage to the crystal by falling ont. Both 
of these objections may be obviated, by setting 
the plates between pointed screws in the ends of 
an elastic brass plate bent into tonga. Fig. 395 
shows one end of tins anangeraent and fig 39(i 
a section of the mgnntmg through the sLren s 
The tourmalins aie set at iiglit angles to each 
other. Pigs. 39T SSb and 399 show an 
arrangement by wh th one of the plates may be 
made to revolve for the sake of instructi i 
The ring, fig. 39b turns m the pomts ut tlit 
Bcrews, but does not revolve in itt. own pKm, 
the ring, fig. 39T is made to turn in flg 39S 
and into it is screwed hg 399 in which the 
tourmalin is mounted. 

[198] Cutting crystals. — The hardness 
of tourmalin makes the cntting plates of it a 
difficult operation. But as it is often necessary, 

in studying the phenomena of polarization, to cnt plates of hard stones, it 
is worth while to incur the espense of the necessary arrangements. 

Take a circular plate of copper, about a line in thickness and 2 inches 
in diameter, and through the center of it drive a tapering square iron axis, 
as in fig. 400. This is either fastened into a chuck on the lathe, or 
worked with a roller and bowstring. The disk must be ground off 
to a thin edge.* A tin trough, like fig. 4(il, must then be made, 
large enough to admit the copper plate and embrace about g of its 
circumference. It should be lixed on a wooden block with the opening 
toward the workman, the copper plate reaching nearly to the bottom of it. 
In this trough is plaoed a thin paste of emery and oil. With a plate of 



Fig.i 



Fig. 399. 



' In turning and boring oopper it sliould bi 



.stanily wetted witli soapsuda. 
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this kind, tourmalins and other hard minerals may be cut with great 
rapidity. 

For grinding the plates, cover a bloclt of wood, about 3 incises in 

/. 401. 
Mg 400 




diameter, with sheet eopper, made like the top of i b y an 1 iciew this o i 
tlie spindle of the lathu. A better and more dii rable anangement ib to 
have a disk of the size named forged out of copper an 1 a screw soldered 
into it which fits the spindle oi' the lathe ; or, more simply still to clean 
the surface of the copper, heat it until sealing wax melts on it anl 
cement it to a wooden chuck. 

This copper disk is now to be tamed to a perfectlv plane sn face w th 
a slightly convex edge. Emery is supplied to thn disk by a, img 1 ke fag 
401, and the crystalline plates are ground true on its cylindncil edge 
making their surface always a little concave rather than convex which the 
shape of the wheel facilitates. The plates are cemented with sealing-wax 
to corks in order to handle them more easily. 

When one surface has the proper shape and direction, remove the ring, 
fig. 401, and finish on the front of the wheel. The wheel must be turned 
very slowly and emery applied with a stick ; the crystal should Vie moved 
in epicycloids over the anrface of the wheel, and its surface constantly 
tested by a steel ruler. l<'or polishing, the wheel must be carefully cleaned 
and finer emery applied, and the final polish is given with the finest emery 
on plate glass. As the value of the plate depends entirely on the accuracy 
of the grinding, one must not spare labor nor pains Inequalities cannot 
be removed in polishing, unless the substance la quite soft Tourmalin 
is too hard to be ground smooth on hones of any sort and even quartz is 
only slightly affected by them with glasb and other softei substances 
they facilitate the work very much Such substances are polished on the 
polishing wheel described nnder the article pendulum with the aid ot 
water and colcothar applied at last neaily dry. 
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Touimalin usually occurs in prisms, and the optic axis is as in quiitz 
parallel to the length The expeiiment with ciussed and parallel axes 
may be made with any thin transpaient prisms without cutting them 

All othei haid mmerala are cut m the same waj Softer anbstancea 
are ground on glass with emery or else on a hone A fine yellow oil 
stone (novaonlite) is excellent for hnc grinding Calc spar is apt to 
crnmble when rubbed on a stone or on glass without some cutting ponder 
Substances which aie soluble m water may be roughly ground with water, 
but the fine grinding must be done with oil The polisliing should in all 
cases be done at once. All substances will bear the application of a more 
or less moist polishing powder except sngar, which must be tieated quite 
dry or slightly moistened with oil It is best always to polish on the 
lathe, although soft sul)stan(,us may be polished with rouge and a soft 
linen rag. 

[199] Mounting the crystals.— -All these crystals are to be set 
in smoothly pared or filed corks, but little thicker than the cijstals them- 
selves, and large enough to project a little way over the edges of the 
tourmalin tongs. It is a good plan to insert the corks lu rings cut from 
brass tubing. 

Plates which are very thin and fragile, such as mica and gypsum, or 
deliquescent or liable to decomposition, such as saltpeter, sugar, carbon- 
ate of lead, etc., should be cemented with Canada balsam between two 
plates of thin glass. The same treatment is advantageous for all crystals, 
as it increases their transparency and compensates for inequalities in the 
polish. A drop of the balsam is laid upon the glass, the crystal set 
edgewise on it and gradually pressed down ; another drop is then laid on 
the upper surface of the crystal and the second glass applied in the same 
way. When the plate is thin, the balsam fills up the space between the 
glasses completely and cemente them together ; but with thicker plates a 
strip of paper should be pasted around the glasses to hold them, at least 
until the balsam hardens. One side of the glass should be coTcred with 
white and the other iiith black paper, with apertures of the same size as 
the mineral The black side is always turned toward the observer. The 
name of the substance and the position of the optic axis should be written 
on the white paper, or the cork setting. 

in ) EXPERIMENTS ON DOUBLE REFEACTIOS. 
[3U0] Before explaining the laws of double refraction, the crystalline 
form of ea!c spar, and the meaning of the terms principal section and 
crystallo graphic axis, must be explained. For this purpose a double six- 
sided pyramid of wood, about 4 to 6 inches in length, is needed, and 
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Fg 402 



Fig. 403. 



a imii r one with the ba al edges truutated, and a rhombohedron 
about 4 inches aqnaie with the angles 74° 55' and 105° 5'. Mark 
on thiis rhombohedron the principal section and two others parallel to 
It ai 1 likewise two otheit. at iight an),ks to the erystallograpliical 
axis ind cut th(uu„h them with a hn saw. Fig, 402 represents 
such a rhombohedron. 
Paste thick paper on the 
cut faces to fill up tlie cuts, 
and driro in little pins to 
hold the parts together. 
Draw upon the principal 
section and those parallel to 
it the direction of the axis, 
and the direction of vibra- 
tion of the ordinary and 
extraordinary rays in a 
double reflected ray of light, 
as in fig. 403. 

For experiments with 
L-aJe spar it is only necessary 
to have two opposite faces 
clear and smooth. Double 
refraction is much more 
diEBcult to observe in quarts;, 
because of the unfavorable 
position of the faces with 
regard to the axis, and the 
peculiar grooving of the 
mineral, which obscures the 
effect It is best to grind and polish all the faces of the crystal, or at 
least two which are not adjacent nor parallel. A crystal polished in this 
way may be used as a x^rism, and two spectra, lying very close together, 
produced in a dark room. A prism made of a fragment of Iceland spar 
shows the double refraction very well in a dark room, the spectra being 
widely separated. 

[201] To show the relative positions of the two images, lay a crystal 
of Iceland spar on white paper over a black line not so long as the 
distance between the images, which will depend on the thickness of the 
crystal. The line must be parallel to the principal section of the 
crystal Several persons may see tlie phenomena at the same time. Tarn 
the crystal with the paper slowly around, so that the principal section 
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will be toward each in turn ; he will then see the two lines as one con- 
tinuous line, while in e?ery other position one line will gradually revolve 
aronnd the other. 

To show the polarization of the two rajs, cover the polarizing mirror 
of Norremberg's apparatus with white paper, and lay upon the support 
in the middle a screen with an aperture only 1 millimeter in diameter, upon 
which place the calc spar. The apertute in the screen may be laiger for 
thicker crystals, bat the two images must nut even partially cover each 
other. Using the second mirror as an analyzer when the plane of reflec- 
tion of the mirror is parallel or at right angles to the principal section, 
only one image of the aperture in the sircen will bo visible, but in every 
other position two, which will be equally bright when the pruicipal section 
makes with the plane of reflection an angle of 45°. 

The same result is obtained by passing polarized light through the 
screen, and viewing it through a crystal of Iceland spar. Upon this h 
founded the use of cale spar as an analyzer, as already described. When 
unpolarized light is thus viewed, two images are seen in every position. 

To these experiments may be added that of Huygens, with two rhom- 
bohedrons of calc spar laid one upon the other. One of these rests upon 
a sheet of white paper with black spots, while the other is turned round, 
so that the pimcipal sections make surce=!sivelyeveiy angle from to 3f0 

[203] Nichoi s prism furnishes an excellent means of ob>>ervmg the phe 



nomtna of pol uized hght Two of theae 
prisms mounted un t,oik in biass tubes as 
destribed ftr the achromatic prisms of cale 
spar act like the tourmalin apparatus in 
allotting light to pasb only when their 
pnnupal sections are parallel They 
possess moieiver the great advantage of 
transmitting mure hght because the ma 
terial is colorless The cost of these prisms 
vanes with the size of the field of view , 
they should not be less than 1 centimeter 
on a side. A pair of Nichol's prisms may 
be mounted as seen in fig. 404. The prisms 
with their settings are pushed into the 
elastic collars m m, until they touch the 
mounting of the crystal which rests in the 
supiJort 6 b. 

The price of a pair of Kiehol's prh^ms i: 
tongi 



Fig 404 




ble that of the tourmalin 
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(ft.) EXPERIMENTS ON THE COLORS OF DOUBLY REFRACTING 
CRYSTALS IN POLARIZED LIGHT. 

[aOS] Colors of ^ms. — Films thin enough for this purpose are 
difficult to obtain from any minerals but mica and selenite ; the seienite 
from Montmartre answers best. It is necessary to. have one film of con- 
siderable size, so as by cutting it in two to obtain two films of the sarae 
thickness. They should be left in the rhombic shape into which they 
naturally cleave, in order the more readily to determine the position of 
the axis. 

The films are cemented with Canada balsam between plates of clear 
glass, not over an inch in diameter, and. inscribed with the color of the 
film. It is difficult to grind other minerals parallel to the axis thin 
enough to show the colors, for even in quartz the film must be less than ^ 
of a millimeter in thickness. 

It is easy to grind films of selenite into a wedge shape by taking a film, 
^ to I of a millimeter in thickness, laying it flat upon the polishing- wheel and 
pressing strongly on one edge until it is ground off and the cut surface is 
about 1 centimeter broad. These films are also covered with glass. To 
obtain broader films, cement a film of selenite, about 2 centimeters square, 
to a plate of thin glass, and allow the balsam to harden, which will 
require some weeks. Then rub some emery quite fine with one piece of 
glass upon another, and on this grind the selenite and polish on the wheel. 

[204] The experiments may be made with Norreraberg's apparatus, using 
the mirror as an analyzer. The films are laid on the middle stage in such 
a position as to show the colors best, and the upper mirror is revolved 
around the polarized ray. The colors seen in gypsum, when the mirrors 
are at right angles to each other, are complementary to those seen with 
the mirrors parallel. The middle stage must be movable, to accommodate 
the position of the films to short-sighted persons. 

Films of variable thickness exhibit mingled colors: when they are 
wedge shaped, they show Newton's rings, and in homogeneous light, 
alternate light and dark bands. This is the best means of studying the 
succession of colors in Kewton's rings. If the film of selenite be not acute 
enough to make the colored bands tolerably widp, fix a Jens in the ring 
between the upper and lowei stage, at the right distance from the film for 
distinct vision. This aids very much also in determining, by means of 
a uniform film laid over a wedge shaped one with the axis ciossed, which 
colors of the latter are absorbed by the former, in oider to ascertain to 
what order the color of tlie formei belongs This investigation is also 
fecilitated by laying the uniform film over the other m saeh a way that a 
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portion of the latter shall project over the former. A stripe of the color 
of the uniform film will then correspond on the uncovered portion to 
the spot which appears black in the covered space. The suecession of the 
colors is, according to Newton, as follows :— black : (1) blue, white, 
yellow, red; (2) violet blue green yellow red- (") purple blue green 
yellow, red ; (4) green red (5) blue ed (6) I Ine I (T) 1 ke ed 

[305] When the films a eladapon ea h ot! er so that the corresp nl 
iag planes of oscillat on cone ie the color s that of a film equal u 
thickness to the sum of both when the planes of e llat on cross ea h 
other, the color is that of a filn eq al to the diflerenee of both Ths 
furnishes the means of d st U" sh ng the d ffere t planes of ose llat on 
already determined by the total 1 apj earanco of color The correspond 
iag planes in all the filn s lionld be ma ked on tl e mo t ng W 1 e the 
achromatic priam of Iceland spar is need as an analyzer, tlun films appear 
double, the colors of the two being complementary. As the prism is 
turned, the colors change, and when the two images cover each other, 
they appear white. This is a good way of ascertaining the right position 
of the prism in the tube, the spot not appearing white unless both images 
are equally bright. Wien this is not the case, the prism mast be moved. 

The effect of a Niehol's prism is the same as that of the mirror. 

The experiments may even be made by laying the films on a table near 
the window, and looking at them obliquely through an analyzer, 

[206] Colored rings in crystalline plates, cut perpendicular 
to the axis. — Calc spar stands before all other substances, A very small 
rhombohedron is sufficient, and it facilitates the grinding very much to 
cleave it into a regular shape, leaving the three edges which form the obtuse 
angle equally long. It must be ground by very gentle pressure with emery 
on a glass plate, as the corners are apt to break off. The phenomena can 
be observed very well when the triangular face is not over 5 millimeters 
on a side ; but the thickness must not exceed 1 J lines, otherwise the rings 
have too small a diameter. 

The colors are usually observed through the tourmalin tongs, by laying 
the crystal between the plates. The crystal should be mounted, for pro- 
tection, in cork a little thicker than itself. The apparatus must be held 
close to the eye, toward the clear sky. The esperimente with homogene- 
ous light may be made either with colored glasses, or by the 0ame of a 
spirit-lamp colored with common salt. 

Sulphate of nickel has a cleavage perpendicular to the axis, which 
makes it easy to obtain plates suitable for this purpose. If the cleavage 
(aces are not quite even, they may easily be made so on the polishing- 
wheel, which must not be very moist. 
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The riogs may be seen very well in plates of ice an inch thick, hold in 
the tourmalin tongs. 

£207] The phenomena may be shown objectively very beautifully by plac- 
ing the crystals between the tourmalin tongs, or two of Nichol's prisms in the 
focus of the illnminating glass of the solar microscope, without any mag- 
nifying glass, and catching the image on a white screen. To avoid holding 
the tonrmaiins, a wooden block may be fitted into the tube m m, fig. 363, 
with a slit in the side to receive the tongs and a spring to hoM thera. 
Fig. 405 eshibita this 
Fig. 405. arrangement. To see the 

rings in the ordinary polar- 
izing apparatus the crys- 
als must be placed m im 
mediate juxtaposition with 
the inalyzer This ran 
be done with the prisms 
but not with the mirror 
In the latter case the nng^ 
maybe obstrved byliimg 
a lens of 1 to 1^ inches focal distance npon the middle stage of the polar 
izmg apparatus fixing the crystal in a ring above this at the focal 
distance or a little less and a second lena in the tube S H ftg 391 at 
exactly its focal distance fiom the crystal The riUaS can be seen but 
less di tinctly w ith the latter lens alono 

[208] Among the biaXial Crystals «hose axes mike so small an 
angle that one can look parallel to both axes in t pKte cnt perpendicular 
to the mendiin line saltpeter is the only one f,enera]lT acc<*s ihle It is 
not diffltult to lind glassy crystils of snfBcient thickness adhering to the 
sides of largei crystals which are naually porous in the centei They 
" ■ "- may be ground on a hone or on ground 

glass, polished as usual, and then cement- 
ed between gJass. A thickness of 1 ^ to 
2 lines is necessary in order to exhibit 4 
or 5 closed cnrves around each axis. 

Among the crystals whose axes make 
a considerable angle with each other, 
selenite, sugar and chromate of potash are 
most easily had. Selenite occurs in prisms 
or plates of tolerable thickness and purity. 
Besides the principal cleavage parallel to 
the optic axis, there are two others, m ra and n n, fig, 406, which give the 
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plates a rhombic shape. If one of these plates be placed betweeo the 
tourmolins, with their axes crossed, and turned to one of the two opposite 
p t w 1 1 1 gl t t a m tted, the axes of the tourmalins will 

p ud t th t 1 abb the selecite, aud one of these will 

mak th f th d t f 1 avage an angle of 16°. This line 

I t th gl f bO wh h th J t axes of the selenite v v and w w 
ml th h th nl g t a.y to mark their position on the 

plat Saw t pi t f 1 t 2 r 3 lines square, perpendicular to 
n f th a 1 t th 1 1 f both, wrap it around with strong 

1 tl d t 1 t t f m 1 1 tt g, and grind and polish it. The 

thktpit lutx dlln thickness. Splitting may also be 

prevented by cementing the plate with Canada balsam to glass. 

Sugar crystallizes in prisma terminated by two sloping faces. The 
cleavage bisects the acgle formed by these faces. The cleavage faces are 
not smooth enough without being polLshed. The rock-candy of the shops 
furnishes crystals of snfBcieut purity. They must be protected by glass 
from the action of the air. 

Chromate of potash cleave? readily parallel to the broad face of the 
prism, and one of the optic axes is nearly perpendicular to this plane. 
If successful in splitting a smooth plate, ^ to ^ line in thickness, it may be 
used directly, if it is only a few lines square. If a snitahle piece cannot 
be obtained by splitting, it must be cut with a knife and polished.* 

[209] The bands in crystalline plates cut parallel to the axis can be 
best seen by the flame of a spirit-lamp colored with salt, in a dark room. 
Plates of calc spar, 1 hue thick, show the hyperbolas very distinctly, 
although the lines are fine ; quartz crystals may be much thicker. Crystals 
as thick as one's thumb show tolerably d t tin f tw o opposite faces 
be polished. All the lines are apt to be rr g la n a ount of iueqnali- 
ties in the structure of the crystal. Plat of I n te to 3 lines thick, 
exhibit the lines most beautifully. 

[210] Circular polaxization. — W ne d f th s, besides plates 
of quartz cat perpendicular to the axis, and 1 1 3 II meters and up- 
wards in thickness, and the monochromat [lat of gypsum already 
mentioned, very thin films of mica, whi h w 11 a c ly lose their white 
color by the rotation of the mirror of the p la s oj e F esnel's parallelo- 
pipeds must be purchased, if desired, from an 0| t in but they are not 
necessary to show the principal facts. 

* To effect the cleaTige of a, cryalal, lay a linife edge on tlie crystal, parnllel to 
the directioD of cleavnge, and strike a sranrt blow tvilh a small steel hammer. If the 
crystal is very hard, it should bo laid on a plate of aleel. 
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Whether a crystal of quartz polarizes to the right or left, may be 
determined by the secondary trapeziform faces, which replace the corners 
of the prism aud the pyiamid Holdmg the vertex upward, if the crystal 
rotates to the right these fa«es are directed downward and frora left to 
right, and vice versa The spirals seen by viewing together a right and 
a left rotating plate of the same thickness through the tonrmalins, 
can be exhibited objettively m the mannei decnbed in § SOT. 

[ill] Circular polarization in liquids.— Take a glass tube, 

about half an inch in diameter and as long aa the polariscope will admit, 
grmd one end smooth and cement to it with sealing-wax a round piece of 
plate glas>, fitting into the lower stage of the instrument. Solutions of 
gum ind sugar serve best for lUlustration : the former rotates right, the 
latter left. The tube and the projecting edge of the 
glass plate must be blackened. The depth of the liquid 

A in the tube may be measured by a graduated rod. 
To adapt the tube to any kind of liquid, the glass 
plate must bo ground more accurately and kept in place 
by a brass collar and cap, aa seen in fig, 40T. 
[212] Polarization in unanneaied and 
pressed glass.— Any fragment of unanneaied glass 
wil! answer the purpose , bits of Bologna flasks ground aud polished do 
well Or take a piece of plate glass, about an inch square, fix it in a 
sliug of wire and heat it 
^'? ^08 gradually led hot over a coal 

fire, and leave it to cool in 
the air To show the phe- 
nomena in pressed glass, make 
a stout biass frame, such as 
is shown in fig. 408 in natural 
size A moderate pressure 
with the 'crew is sufficient 
to impait the power of polar- 
ization to a plate of glass. 
All these phenomena are seen 
to most advantage when the pieces of etUbs are laid on the lower hori- 
zontal mitroi ot Norremberg's appaiatus 
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CHAPTER V. 

EXPERIMENTS ON MAGNETISM. 

[213] Treatment of iron and steel for magnetic ex- 
periments. — Take good charcoal iron, forge it into the proper shape, 
and, after coating it with clay, heat it to redness. It becomes still softer 
if left to cool among the coals. Artificial magnets are made of tho best 
English or German cast-steel, which laay be had in almost any desired 
shape. It must not be raised above a dull-red heat, nor kept long even 
at this temperatnre. After forging it into the desired shape, finish it 
with a file. Great care is necessary in forging caat-steel ; it must never be 
heated above a dark cherry red, nor must it be hammered cold. 

In tempering the har it must be held upright, and, if it be n th h pe 
of a horseshoe, both poles must he plunged in together. Th th nly 
way to prevent it from warping. Tho scale of oxide nsually f 11 ff u 
tempering, but the steel may be hard althongh this does not o u It 
should be so Jiard aa not to be attacked by the best files. 

In this condition tho steel is so brittle as to break to pieces ^9 403 
if it ahoald fall on the floor. In order to prevent this, it must 
be polished and slowly tempered to a straw-yellow, over a 
bright charcoal fire. The fire may be fanned, but not blown 
with a hollows, which makes an irregular heat. When 
the steel attains its straw-yellow color, it must be quenclied in Id t 

If the steel has warped in cooling, so as to be nselesa, it m t h t m 
pered blue. It loses thereby a part of its coercive force, but an b d 
for many purposes, and may be hammered into shapo with a ha p dg d 
hammer, like fig. 409. The bar must be laid on tho anvil and the blows 
struck close together on the concave side. With a little care, this may 
be done even when it is tempered yellow. 

The north pole should be marked by a stroke with a file, or a letter N 
stamped upon it, before the steel is tempered. It may, however, be 
etched in with acid afterwards. 

[314] Form of the magnets. — Bar magnets shonld be only 

about one-third or one-fourth as thick as they are broad, and uot over 

a foot long. Horseshoe magnets are made somewhat longer, each limb 

being often a foot in length, and 1^ to 2 inches in breadth. The polos of 

16 (241) 
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these magnets, whether they haye the shape of a horseshoe, as in fig. 410, 

or straighter, as in fig. 411, should not be more than the breadth of the 

F-ig. 410. Fig. 411. Fig. 412. 





a magnetised Eepd lately, 

i or screws. It is of no 

s sometimes done. If 



bar from each other. Bars which are mnch 
carved are difficult to magnetize, and very apt 
to warp in tempering. It is best to have large 
steel bars tempered by a file-cntter. 

[215] Magnetic magazines.— Power- 
ful magnets are made by eombiaing several bars 
in one. The middle bar is sometimes made 
longer than the rest, fig. 412, but it is better to 
have them all of the same length. Each b 
attd the whole bound together by brass bai 
advantage to separate them by strips of brass, i 
the bars are warped and cannot well be straightened without softening 
them, it is well to separate them, under the bands or screws, by a thin 
plate, in order to compenaat* for the irregularity. 

Straight bars may be combined either by simple brass bands or by caps 

Fiq. i\^. Fig. Hi. of soft iron screwed over their ends A 

simple plan is to bind them up tightly 
with brass wire, and drive httk veJgus 
of brass between them at proper places 
Fig. 413 represents a cap for bara of 
equal, and fig. 414 one for bars of unequal length. The binding screws 
are made of brass, because screws of strongly ms^netized iron lie unpleas 
ant to drive. These caps are called the armature of the magnet They 
may be attached also to horseshoe magnets, bat they must be very care- 
fully fitted on. 

[216] Preservation of magnets.— The poles of both horseshoe 

and bar magnets must be connected by soft iron, in order to preserve 
their power. Straight bars are armed by laying them parallel, at a Ittlie 
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distance apart, with the opposite poles next eaeh other, and joining the 
two ends, as in fig. 415. For horseshoe magnets, this piece of iron is 
called the anchor, and ia nsuallj furnished with a hook, ^g_ 415, 
to which weights may be attached. Fig. 412 represents 
a horseshoe magnet with its anchor. The anchor is 
sometimes made with a shghtly convex face, but an even 
surface seems to be better. The anchor must be com- 
paratively thick, so that when attached, its lower side 
will have very little attractive power. It is not neces- 
sary to keep the anchor of the magnet always loaded 
with weights in order to preserve it in good condition. 
Rnat does not diminish the power of a magnet, except 
by preventing the close contact of the anchor. To keep them from rnst- 
ing, they may be rubbed with a greasy rag after being used. Magnets 
should be guarded from b!ows or concussions, and not rubbed with any 
hard substance, especiailr with iron, nor laid upon iron. Heat is stUl 
more injurious to the power of a magnet ; even a temperature of 40° C. 
has a perceptible effect, 

[211] Armature of natural magnets. — The position of the 

poles is ascertained by roUing the loadstone in iron filings, and two 
parallel faces cut perpendicular to the axis. The other sides of the 
magnet are also cut, so as to give it somewhat the shape of a parallel- 
opipedon. Over the poles are laid two iron plates, figs. 416 and HI, 
the size of the face, bent over at the top, and terminating below in pro- 
jections p. The nnder surfaces of these projections mi^t lie in the same 
Mg. 418. Fig. 419. 



Fig. 4 IT. 



I 



I- — - 

'f^4 



Fig. 416, 

1 

1 



J £ 

straight line. The magnet is supported by shoulders on these p 
These two plates are connected by brass bands, and an anchor laid on the 
two ends. The magnet may be hung up by a ring attached to a cross- 
piece of iron, as shown in figs. 418 and 419. 
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The power of natural magnets may be increased by laying them bDtweon 
the poles of a powerful eleetro-m^net. 

[318] Magnetic needles. — There should be several of these, of 
various lengths and different degrees of sensitiveness. The only diffi- 
culty in making them is in suspending them on pivots. It is very easy to 
suspend the needle by a cocoon-fibre, and cover it with a glass case, but 
this arrangement does not answer for most purposes. Delicate needles 
should be supported on pivots turning in caps of agate ; and as the manu- 
facture of these is difficult, it is better to buy the needles readj d 
at least the agate caps, which are not very espensive. 

To set an agate cap in a needle, fix a piece of stout bras t a 

chuck on the lathe, bore in it a hole, a little smaller than the 1 1 u th 
needle, and deeper than the thickness of the cap and needl t g th 
Enlarge this hole to the depth of a millimeter, just sufficiently t 1 t f 
the cap being forced into it, and turn the brass off thin to the am d pth 
on the outside. Set iu the cap, and press the brass tightly dow p t 
with a burnisher. Fig. 420 represents an enlarged section of th w 
and cap. Nest, turn off the wire to just the size of the hole in tlie n edie 
If the needle is of the shape represented in fig. 427, the ap f th 
conical cavity need not be much above the needle ; but if it be thin, like 
fig. 425, the cavity must project 1 or 2 millimeters In the latter case it is 
well to make a httle shoulder on the brass ring, as shown in fig. 431. 
Fig. 430. 

Fig. 421. Fi'i 422 Fiq 423 



After cutting off the wire, fix the cap in a bloi k and widen the liole a 
little below, as seen in fig. 432. If the cap he too large to pass tliiongh 
the hole in the needle with its brass collai the wire must be turned off as 
represented in fig. 423, inserted from abo\e ind fastened by diiving i 
conical steel punch into the hole below Glais caps answer tolerably 
well. A suitable piece of glass may be cut ont of a thick plate, by means 
of a copper ring (§ 15,} and the conical cavity drilled with a three- 
cornered file and spirits of turpentine. It must afterwards be ground 
smooth with fine emery on wood, and polished with rouge. The cavity 
may be bored after the glass is set in brass. 

"Where great delicacy is not required, which is most frequently the ease, 
a very simple contrivance answers the purpose. Bend a strip of brass. 
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g. 424, over the hole in the needle, and 
it with a steel punch. This ia both eimpler 



about a line in width, 
make a little depreasioii 
and better than to drill out a cap of 
depression made in the needle itself, while lying 
lead, will insure sufficient stability and mobility. 
The needles may be made of Tarious shapes, as 
426, and 42T. The first two are made of watch-spring, the last of bar 
mg. 425. 



A similar JV;/. 424. 
1 a plate of e*^ 




steel. The hole in the center is made to receive the cap. They must be 
cleaned and polished before tempering. In tempering, the needles should 
be laid on a sheet of iron, or fastened to a wire, instead of being held in 
the tongs, which prevents their being uniformly heated. The south end 
of the needle may either bo made heavier than the north end, or loaded 
with a strip of brass, like fig. 424, made to slide upon it. 

Fine sewing needles answer very well in most cases. They may be 
fastened into a base of wood or brass. Por very delicate magnetic needles, 
the support must be made of steel. File a piece of steel sharp, and screw 
or rivet the blunt end into a brass foot ; fasten this on a lathe, and sharpen 
the point with a line iile moistened with oil, turning meanwhile very 
rapidly, and moving the file back and forth. The point of the needle is 
nest hardened and afterwards polished with a ine whet- 
stone on the lathe. The point must appear sharp when "' 

examined with a lens. The support need not, generally, 
be very high. Fig. 428 represents one of natural size. 

[219] The compass. — For many experiments in 
magnetism and electricity, a compass, that is, a delicate 
magnetic needle moving over a graduated circle, and 
protected by a glass case, is indispensable. For 
Weber's experiments, the needle must not be over 1 or 
2 inches in length. With so small a diameter the divisions of the arc 
cannot be made less than 2 degrees, and even with the greatest caie, the 
errors must be very great It is better, therefore, in this case, to fasten a 
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thin thread of black glass to each end of the needle, parallel to the axis. 

The form represented in fig. 42T is well adapted to this purpose by filing 

a groove in the back, as represented in enlarged section in fig. 429. The 

circle may now be made 4 inches in diameter, and a greater 

Iig. 429. ijggrgg of aecuraey be attained, even by hand- division, than is 

y possible with a smaller circle on the graduating machine. If 

H the circle be made on paper, it should first be pasted on a board, 

about i an inch thick, and then graduated. The pivot upon 

which the needle turns must not project much above the board, and even 

then a large error of parallax may occur in reading off. This is best 

avoided by excavating the inner surface of the circle, and inserting in it a 

mirror: the point where the glass thread and its Image coincide, will give 

the true reading, A narrow ring of pasteboard, pasted around a circular 

plate of glass, may serve as a case for tlie instrument. The needle should 

be taken off its support when not in use. If the board is in the shape 

of a parallelogram, and the median line of the graduation parallel to one 

of the sides, the compa^ will serve for the approximate determination of 

the declination or of the geographical meridian. 

To preserve the pivot of a compass from injury, the needle must be 

raised from it whenever it is not in nse. An arrangement is usually made 

to effect this without lifting the glass cover. In fig. 430 b a c represents 

Fig. 430. 



a bent brass lever, terminating at both ends in a perforated disk. It rests 
at a in a little cavity in the base of the compass. Ej pressing the screw 
c, the end & raises the needle against the glass case cover of the compass; 
when the screw is loosened, the lever sinks by its own weight. 

To test the delicacy of a magnetic needle, set it in vibration by bringing 
near it a piece of iron Its position on the graduated circle may be 
accurately noted, and a piece of iron brought near, so as to draw it a little 
to one side; when the iron is slowly withdrawn, the needle must return 
exactly to its former position 

Instead of supporting the needle oa a pivot, it may, for many purposes, 
be suspended by a cocoon fiber, as represented in fig, 431. The needle is 
thus made very sensitive, but cannot be used to show the effect of a second 
magnet upon it, because the attraction of the magnet draws it out of the 
center of the graduation.* 

• It may be remarked, by the way, that the nmgnef Ic needle must not be obaerved 
thioagh steel apectacles. 
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[220] Magnetizing. — At the present daj large steel magnets are 
seldom or aever used ; in place of them we have electro- inagnets, which 
can be made of any degree of power 

required. These electro-magnets ^'■9' ^^'■■ 

enable us to magnetize to saturation 
the largest bars of steel, by a very 
simple process. The many methods 
which have been devised for making 
strong magnets from weak ones 
are therefore of little importance to 
ue, the so-called single and double 
touch and Eoffer's method answer- 
ing every purpose. 

[221] The single touch.— 

The simplest method of performing 
this, ia to stroke the end intended 
for the north pole on each side 
about 10 times with the south pole 
of a magnet, beginning in the mid- 
dle and bringing the magnet back 
in a curve through the air. The 

same process is repeated with the north pole, on the other 
10 to 20 strokes will give all the power which the magnet i; 
imparting. The new magnet may be fastened to the table, by a piece of 
iron in the center, which will have a tendency to determine the neutral 
point to this position. The magnetism is stronger and more uniformly 
distributed, by setting the opposite ends of two equally strong magnets 
upon the center of the bar, so as to make an angle of 80° with each other, 
and drawing them slowly asunder, preserving the same inclination. In this 
case also the magnets must he returned to the utartmg point through the 
air. The end which is touched with the north pole becomes the fonth 
pole. This method is better thin any other for making magnetic needles 
or bars to be nsod in measurements A horseshoe bar is tieated in the 
same way, only the anchoi is placed on it when it is touched with two 
magnets at once, or with both limbs of another horseshoe magnet The 
anchor is held fast, and the jiole 
of the toQching magnet earned 
over it When a straight bar 
is touched with a horseshoe mag 
net, the surface of the lattei must 
be held perpendicnlar to the bar 
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A bar treated in this way becomes still stronger by placing it between 
the opposite poles (//', fig. 432,) of two powerful magnets. The bar 
must be supported bj a wooden block I. 

[233] The double touch. — This method consists in laying the 
two poles of a horseshoe magnet, or two equally strong bars, together upon 
the middle of the bar to be magnetized, and moving them slowly back and 
forward 10 or 20 times over its whole length; this is repeated on both 
sides of the bar. The motion must cease in the middle of the bar, so that 
each end shall receive an equal number of strokes. If a horseshoe magnet 
be used for this purpose, its two poles must be very close together, other- 
wise it almost inevitably produces succession points. If two bar magnets 
be used, their poles may be 
Fig. 433. brought very near together, 

but should be kept from actual 
contact by a bit of wood (I, 
flg.433,) placedhetween them. 
The magnets are held at an 
angle of 15 to 20° with a bar. 
In this case, as in the other, the effect is considerably increased by laying 
the ends of the bar on two strong magnets. The touching poles must be 
the same as those of the supporting magnets next them respectively ; the 
poles of the new magnet will be the opposite of those upon which they 
re-st. In magnetizing a horseshoe bar, it is an advantage to attach the 
anchor, the magnet being stronger even after this is removed. 

[323] Hofifer's method of the double touch consists in placing an 

rnchor before the horseshoe bar to be magnetized, and passing over it the 

two poles of a horseshoe magnet, either from the end toward the carve 

or in the contrary direction, as represented in figs. 434 and 435. In the 

Fig. 434. Fig. 435. 





first case, the poles of the new magnet will be the same as the inducing 
magnet; in the latter, they will be the contrary. The inducing magnet 
must, of course, be of the same width as the other. By this method a 
ct can be produced in ten strokes, and it is one of the best 
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knowB. Bars can be magaetizeil in the same way by laying tiiem 
parallel, with an armature at each end. If the inducing magnet be heavy, 
to avoid the labor of moving it, it may be clamped to a table with its ends 
projecting, as seen in fig. 436, and the bar carried over it. With electro- 
magnets the conductors render this arrangement necessary. 
Fig. 436. 







r224] Large magnets have always less powei in proportion to their 
weight. According to Hucker if M be the weight supported, and p the 
weight of the magnet, M^ a ■^p' m which o is a constant factor, varying 
with the qnality and temper of the steel. Haclter fonnd this factor in some 
cases eqnal to SSy^g, which may be considered very satisfactory, though it 
has been exceeded in a few instances. This gives us an easy method of 
testing and comparing the strength of magnets. The esperiment may be 
made, by laying successively small weights (coarse shot for instance) in a 
pan attached to the armature of the magnet. The point of attachment 
must be so adjusted that the armature will part at the same time on both 
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sides. Of course, tbe contact surface of the armature must be 1 a nt 1 
This method, however, does not give exact results. The nly 1 

method of testing the qnalitj of magnetic needles and bars is by o Hat n 
The bars may be suspended for the purpose in a brass stirrup, Iry a tt ad 
of unwrought silk. According to Hacker, if T he the tim f ne 
oscillation in seconds, <p the weight, and a the length of th ma net 
2" = c -^p ^a, in which o equals 2 tV^, p being expressed in B a an 
loths, and a in. Paris inches. To show the attraction and repul n of 

magnets, suspend the bar magnet, about 6 or 

^' 8 inches in length, in a stirrup of paper or 

\ brass, by several threads of unwrought silk, 

'v as shown in fig. 431. To make the same 

experiment with a natural magnet, fasten 

a ribbon around its middle and suspend 

it in the same way. 

[225] Distribution of magnet- 

I ism. '^^ For these experiments we need 



^ 



clean, fine iron filings, and a number ( 
Email bars of soft iron, fW)m ^ to 2 inches in length and of various 
thicknesses. These, may be made of good iron wire, their ends filed 
ronnd and well annealed. 

(o) MagneHo curves. Sift fine iron filings upon a plate of glass or a 
sheet of stiff paper, under which a magnetic bar is held ; a few gentle taps 
of the finger will cause tlie iron filings to arrange themselves in curves. 
The same process serves to show the succession points in a magnetic bar. 

Magnetic bars with succession points are produced with most certainty 
by means of a powerful horseshoe magnet and the double touch. 

(6) A magnet brought near tn o needles, suspended near each other by 
silk threads, causes a mutual repulsion. 

(c) Dip the similar poles of two magnets in iron filings and bring them 
close together, the projecting filaments of iron filings will repel each 
other ; but if the opposite poles be taken, the filaments will interlock, like 
the arms of a polyp around its prey. 

J|226] Iron exposed to the inductive influence of a magnet while red 
hot, and suddenly cooled, remains magnetic. This is most easily shown 
with iron filings and a horseshoe magnet A thick bunch of the iron 
filings may bo taken up between the poles of the magnet; reduce this to 
about the breadth of a finger and half that thickness. Heat this with a 
spiriHamp and a blow-pipe, and coo! it suddenly. The middle portion 
will cohere, and will be found to hare the properties of a magnet A 
powerful electro- magnet answers best for this purpose. 
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[227] DeclinatiOU of the needle. — in order to give a distinct 
idea of the direction of a magnetic needle, it is well to designate the 
meridian in the lecture room by meaus of plummets. For this purpose, 
fasten to the ceiling three firm iron hooks, upon which the plummets may 
be suspended, with a sharp incision in each, to designate the position of 
the thread. Balls of lead may be used for the phmmets. Place a long 
seasitive needle on a rectangular board, and divide the circle by hand, so 
that the diameter from which the graduation begins shall be parallel to 
the side of the rectangle. This diameter can be easily fixed in the line 
of the astronomical meridian, and the declination determined approximately 
in degrees. The simplest mode of determining the meridian depends 
upon the situation of the room, and therefore no general directions can 
be given for it. 

[228] Dip of the needle.— The following experiment is instruc- 
tive as preparatory to the explanation of the dip of the needle : Lay a 
bar magnet, about a foot long, on the table, and balance a bit of ma^rnet- 
jaed knitting-needle on a fine thread. If the needle be carried back and 
forth over the bar, it will stand horizontal over the middle, while toward 
either end the opposite pole will dip downward. The best mode of 
suspending the needle is by passing it through a cork, and balancrag it on 
an axis supported on wire hooks, as shown in fig. 438. Neither the 



Fig. 438. 



Fig 439 



declination nor the dip need be de- 
termined accurately for purposes of 
illustration , for measui ing the latter 
approximately we may use a mag 
netic needle 5 or 6 inohes tn length 
with an axis pointed and furnished 
with S(,iew threids on both Bidc! 
fig 440 The axis pTsses looaely 
through the hole m the needle and 
15 fostened by two nuts a and h 
The axis mu=!t be adjusted actu 
rately in the center of gravitj of 
the needle after screwing the nuts 
moderately tight The needle is 
hsed on a support like fig 4i9 
which consists ot a brass foik fast 
ened in a wooden base Fijj ^ 
shows the upper end of natural si 
The inner superior edge of each side of the fork is filed out cylindrically, 
and polished with emery, so that only the points of the steel axis will rest 




d by Google 



252 



PHYSICAL EXPEEIMENTATION. 



Fig. 441, 



Fig. 443. 



upon these surfaces. The plane of rotation of the needle must be mide 
to coincide with tlie magnetic meridian As it can be no longer shown, 
Fig 443 "ftsr ^^ needle is once magnet- 

ized that it was previously in 
equilibrium the poles mnst be 
reversed to show thit the north 
pole will always dip towaid the 
earth 

The needle may also be sus 
peuded in the manner seen in 
fig 442 The axis is sappoited 
by two steel screws like fig 443 
each of which his a little conical 
cavity ill the end Th s appa 
ratus assume? of itself the diiec 
t on of the magnetic meridian 
bat must be very carefully con 
stmcted 

The simplest apparatus is 
the one in fig 438, alieady de 
scribed. Thrust a bit of unmagaetic knitting-needle through the cork so 
that it will rest in a horizontal position, then cut away the cork below, 
or stick wax on it above, so as to throw the center of gravity in the axis. 
The needle may then be magnetized and its poles reversed at pleasure. 

[229] Influence of terrestrial magnetism on iron.— TWs 

may be shown by means of a delicate magnetic needle, and a bar of soft 
iron, 3 or 4 feet in iength, which must bo well heated, and used for no 
other purpose, because any mechanical action upon iron gives it some 
retentive power for magnetism. Hold the bar in the direction of the 
dipping needle, and bring a small sensitive needle alternately near the 
npper and the lower end. The poles are reversed by inverting the bar. 
Hammering it while under the inductive influence of the earth will impart 
to it a degree of permanent magnetism. 
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OHAPTBE VI. 

EXPERIMENTS ON ELECTRICITr. 

{a.) GENERAL REMARKS AND MANAGEMENT OF ELECTRO- 
METERS AND THE ELECTRICAL MACHINE. 

[330] Elder pith— Tin is obta"ned in the wiiter frjm thD year 
old slioots of elder by cfliefally splitting off the wood with a ffjsd kn fs 
The pith may also be forced out with a stieli. but it rema ns 'Jcmowhat 
compressed. It is cut into little lalls with a si arp tnife anl afterwards 
rolled between the hands earefvtlJy avoiding any pressure The pith of 
the snnflower is st 11 1 ghter a d may be manBged in the same ^ay 

[231] Silk— Silk vanes in value for elertncal purposes especially 
those sorts which aie dyed with metalliL colors such as Prussian blue 
It is easy to ascertain whether or not the silk insnlates by attaching two 
pith balls to the end of a silk thread, 8 or 10 inches long, hnng on a wire, 
and imparting the same kind of electricity to both ; they ought, in a heated 
room in Ihe winter, to approach each other very slowly. In using silk 
cord, care must be taken that it has not a core of cotton, which is almost 
always the case. 

[333] Glass. — The conducting power of glass varies very mneh. 
Common green glass (not white glass colored green by copper or chro- 
mium) generally insulates best. Some sorts of white glass also, the 
Bohemian among others, are good insulators. Its insulating properties 
may easily be tested, by attaching to it pith balls by fine linen threads, 
and imparting to them electricity ; or by tonching a well-insulated electro- 
meter with a rod of the glass. 

All glass is more or less hygroscopic; its surface attracts moisture 
strongly. For this reason, solid columns of glass arc better than tubes. 
This difflculty may be temporarily obviated by warming the glass and 
rubbing it with warm cloths ; but it can only be permanently overcome by 
coating it with a varnish of shellac or sealing-wax. If shellac is ased, 
the coat must be thin, and the glass previoasly warmed, just as in varnish- 
ing metals. Solution of sealing-wax must be applied until it forms 
a uniform opaque coating; very little must be laid on at a time. 
Shellac is not a perfect remedy, and sealing-was disfigures the a 
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very mach; the red uniform of electrical apparatus has gone out of 
fashion. All experiments in frictional electricity succeed best in winter 
in a heated room : this subject should therefore be reserved for the winter 
term. 

|_233] Gutta-percha is also a usefnl substance for electrical pur- 
poses ; it may be had in sheets as tMn as paper, in threads, or in almost 
any form. When recently kneaded in warm water and dried, it insnlates 
admirably, and becomes negatively electrified by friction with wool. 
Unfortnnately it loses this property after awhile, and even becomes 
brittle, so that its value is really not so great as was first supposed, 

[]23i] Amalgam. — Kienmayer's amalgam consists of 1 part tin, 
1 zinc, and 2 mercury; while otbers recommend 3 tin, 3 zinc, and 4 
mercury. The tin must first bo melted in a Hessian crucible, and the zinc 
added in successive portions. The mercury must be heated previously, 
and slowly poured into the crucible after it has been taken from the fire, 
the mixtnre being constantly stirred. The whole is then slowly ponred 
into water and kept in constant agitation. The amalgam is thus obtained 
in a granular condition, and may be reduced to powder by folding it in , 
paper and striking it with a hammer. It must be well dried, and kept in 
mr-tight bottles. It always acts best when recently pulverized, as it 
oxydiaes superficially after a time, and the oxyd injures its effect. The 
following amalgam is highly recommended : 1 part of zinc is melted and 
dowly added to 4 parte of mercury, previously heated in a mortar ; the 
mistnre is rubbed with the pestle until it is cold, when it has the con- 
sistency of batter. The author has made no experiments on the sulgect, 
but it seems that the effect of the amalgam must vary with the quality of 
the glass, otherwise the directions on the subject could not differ so much. 

The old amalgam should always be removed with a duU knife before 
fresh is applied ; the leather should be thinly smeared with grease, and 
the amalgam spread on it with a knife as evenly as possible. It is still 
better to sprinkle the finely pulverized amalgam on the leather, and rub 
it with paper. In this way no more amalgam adheres than is necessaiy. 
The end of a cylindrical woolen swab, 1 or 2 inches in diameter, does 
very well for applying the amalgam. The amalgam need not acquire a 
metallic luster. 

[235] The use of chains as conductors is to be avoided as much as 
possible, since their countless angles and points cause too great a loss of 
electricity ; pliable brass wires, about 1 millimeter in thickneis, are prefer- 
able, and may he wound around at the proper points. When the elec- 
tricity acquires a higher tension, brass wires, 2 or 3 lines in thickness, 
must be employed, the ends of which should be carefully rounded and bent 
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into large hooks. The whole surface should then be filed smooth, polished 
with pnmice and emery, and thickly varnished with shellac. 

[236] Fundaineiltal experiments. — Attraction and repulsion, 
the difference between conductors and non-conductors, and between 
positive and negative electricity, are illustrated by pith balls fastened to 
silk or linen thread. The thread should be drawn through with a needle, 
and fastened with a knot, which can be drawn into the ball after being cut 
off close. The threads must be fine enough to he drawn straight by the 
weight of the balls. Tory fine wire may be substituted for linen. The 
experiments will be visible at a greater distance if hollow cylinders of gilt 
paper'be used instead of pith. Two little balloons of collodium, suspended 
by silk threads, serve well to show the mutual repulsion of similarly 
electrified bodies. They become electrified by being merely drawn a few 
times through the hand. A simple wire fastened into a foot, bent over at 
the top, like flg. 444, serves for a support. The wire may be insulated by 
cementing it with sealing-wax into a glass tube, as in fig. 445. The 
Fig. 445. 



I%g.Ui 



simplest support of all is made by half filling a tolerably wide bottle with 
sand or iron filings, and thrusting a wire, bent at right angles, through 
the cork In making experiments with the linen threads, a condacting 
wire must be attached to the support, flg. 445. For other purposes 
insulating stands must be used. The threads must be at least 6 inches 
long To give greater firmness to the wooden base, a circular groove 
should be cut on tho nnder side and filled with lead. 

Sealing-wax becomes highly electrical by rapid gentle friction with a 
woolen cloth. Glass requires more friction, especially if it be not warm 
A piece of amalgamated leather is the best rubber. 
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The eapei'imcnt may be varied by suspending a short, thick glass rod 
by a thread. When this is rubbed it will be repelled by the other glass 
rod and attracted by the sealing-wax. The thread must be tied in a 
notch, cut with a file around the middle of the rod, so that it will not slip 
when the rod is rubbed. A stick of sealing-was may be used in the same 
way. If both these rods be rubbed they will attract caeh other. 

A good way of supporting the rods, is to fold a slip of card-paper, an 
inch long, into a stirrnp, and suspend it by a fine wire or several strands 
of raw silk. A very thick or very highly excited glass tube brought near 
the small glass rod, will almost always attract instead of repelling it. 

To show that any friction develops both kinds of electricity, cement a 
stick of sealing-wax to a disk of wood, and glue a piece of leather to the 
other side. Amalgamate the leather as usaal, and then rub it upon a plate 
or rod of glass. The wood and the glass become oppositely electrilied, as 
may be proved by the pith balls, or any other electroscope. 

The influence which the condition of the surface exercises upon the 
kind of electricity developed by friction may be readily shown by grinding 
one-half of a glass rod on a stone. Friction with a woolen cloth will 
excite the ground sarfaee positively, and the smooth surface negatively; 
each part must, however, be rubbed separately : if the whole rod be 
rubbed at once there is generally no electricity developed. The success 
of this experiment seems to depend upon many accidental conditions, and 
is never sure ; even glass rods which have been formerly used with success 
for this experiment often yield after a time the same electricity through- 
out. A glass rod is more certain to be negatively electrified by drawing 
it once lightly through a woolen cloth. It should be first passed through 
the flame of a spirit-lamp to remove all traces of electricity, and its 
indifference tested by an electrometer, 
[231] Tlie eieotrical needle.- — This can be made in the following 
Fia 446 simple method : a a, fig. 446, is a wooden stand, about 
1^ to 2 inches in diameter, into which a well insulating 
rod, b, is fastened. A fine sewing-needle is cemented 
to the upper end of this as a pivot for the needle. This 
may be connected with the ground, when desirable, by a 
fine wire. The electrical needle may be made of a piece 
of brass wire, about ^ a line in thickness and 3 inches 
long, in the center of which a conical cavity is bored 
almost through, and polished with a conical stick and 
emery. After balancing the needle the ends must be 
. carefully rounded off. The needle will be lighter and 
e sensitive if the cap alone be made of brass and two tolerably stoat 
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knitting-needles soldered to the opposite sides of it. The cap t 
case be made on a lathe and more carefnlly polished. 

A Terj sensitive needle is made by bending Fig. HI. 

a slip of brass, about a line in breadth and i -^ i 

0'3 line thick, into the form of fig. 447, and 
making a little dent in the middle of it with a 
pnneh. Two needles are soldered to the ^" 

ends of this. 

[238] Coulomb's electroscope.— 

This is made most simply out of a large white 
tumbler, the insulating properties of which 
have been ascertained by setting upon it the 
electrical needle or an insulated stand, and 
observing how long it remains elect al n 
dry weather. A wooden cover, fig. 448 a 
fitted somewhat tightly to the glass I o 
an opeaing in the middle of tbis uover, a j^ a a 
tube, 2 to 4 inches long and | to 1 Inc de 
is cemented and ground even at t! e top 
This is also covered by a movable w ode 
cap, which has an opening in the center to 
receive a small cork, through which a bras 
pin carrying a cocoon fiber can be moved up 
and down. 

Cocoons may be obtained almost e erj 1 
where, and the silk fibers can be unwounl 
from them upon a roll of paper after h v 
have been soaked in warm water. As hcse mple fibers are d penable 
for many purposes, this trouble must he submitted to. It is not easy to 
purchase suitable fibers, since those designed for this purpose are at least 
tripled in reeling off. For many purposes stronger threads are needed, 
and for such the latter are especially adapted. They may easily be had 
from the silk factories. It is hardly possible to obtain suitable fibers by 
simply untwisting wrought silk. 

A fine thread of shellac, made by drawing oat the material when 
softened hy heat, is fastened horizontally to this cocoon fiber A little 
disk of tinsel, about 1^ or 2 lines in diameter, is gummed in a vertical 
position to the shellac needle, at a distance from the point of suspension 
equal to the radius of the glass. A fragment of shellac may be attached 
to the under side of the needle opposite the thread, in order to lower the 
center of gravity a little. The two arms of the shellac lever may be 
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brought into equilibrium by leaving the vacant one at first a little longer 
than the other, and afterwards melting the excess into a bead by a flame 
held near it; if this be too heavy, it is only necessary to melt it back a 
little toward the thread. An opening, about ^ an inch wide, must be left 
in the cap a a, throngh which the body to be tested can be introduced by 
means of a slender rod of shellac. This rod is attached above to a httle 
disk, by which it is supported in the aperture at such a height as just to 
reach the tinsel. The amount of repulsion is measured by a strip of 
paper, graduated into 360°, pasted on the inside of the glass, the zero 
point coinciding with the point where the body tested is in contact with 
the tinsel disk. Generally, however, the body itself is not introduced, but 
a wire inclosed in a well-insulating tube, and ending above and below in 
a knob, is introduced through the opening, in precisely the same manner 
as the rod of shellac, and the electricity commnnicated to this; this 
requires, of course, stronger electricity. The disk of tinsel, when not 
electrified, may always be made to coincide with the zero point of the 
division by turning round the upper cap. In most experiments it is well 
to introduce a capsule, containing chloride of calcium, into the glass, in 
order to dry the air thoroughly, though this is not absolutely necessary, 
and in really damp weather is not sufficient In such woither the funda 
mental esperiments in electr ty d 11 

Besides these three inst mtfh gtlp fit 

city, viz.: th Id p tb 1 t t th 1 t 1 dl 

Mg. 449. and Coulomb it i th th f 11 w g lied 

electrometer m f wh h 

poses, while th dm t f m i 

parisons of th f f 1 tn ty 

use than Coul mb 
[239] Tlie quadrant electrometer.— The m 

plest form of th t urn t t f a J w 1 n 1 

a b, fig, 449, t h h a m If y atta h d th 
lower half of wb h g 3 t d t 1 is n f ay 5 
The center of th g 1 t t wh th 1 ttl [ du 

lum c (^ is su p nd J t m 1 w fr ly I ry j lat S 

from which such arcs can be made may he had at the comb- 
maker's or ivory -turner's. The divisions are scratched in 
pretty deeply with a graver, a tool useful for many purposes, 
and blackened with indian-ink ; the excess of color is scraped 

"*H BipTO off with glass. The arc is not set in until the support for the 
pendulum is in its place ; this support is either made entirely 

of brass, as is shown in natural size in fig. 450, or a piece of sheet bra^ 



lyf 
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Fig. 450. 
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is bent np for the front part and fastened by an iron screw to the rod. 
The pendulum consists of a thin spliuter of whalebone or wood, which is 
left a little broader at the end where the axis (the end of a knitting- 
needle) passes through it, or of fine wire. The baU is made, according to 
the power of the electrical machine, of elder pith, cork, or metal. A 
metallic pin is driven into the lower end of the rod a b, and reaches to 
where the rod is cut away, so as to allow the ba]l to come in contact with 
the pin when the pendulum is at rest. By means of the peg e, the 
instrument is fixed into a suitable opening in the conductor, or if necessary, 
screwed in. It ia evident that the force of the electricity is not propor- 
tional to the degrees of the graduation. 

[240] Straw and gold-leaf electrometers. 
— Both are easily made out of narrow-necked bottles, 
fig, 451. The glass tube which contains the conducting 
wire must insulate well, and is fitted through a cork. It 
is a good plan to paste strips of tin-foil on the sides a b, 
reaching up through the neck to the ontside, in order to 
discharge the leaves when they strike against them 
Strips of rash pith may be used instead of gold-leaf or 
straw; they are less sensitive than gold-leaf, and more so 
than straw. They are, like the straw, snspended by fine 
wires, for which purpose the end of the conducting wire 
must be pierced with two holes. When the glass has 
become electrified by drawing oat the cork, it is hardly possible to intro- 
duce slips of gold-leaf, if gilder's leaf be used, as they are always attracted 
by the glass ; it is necessary to wait then until the electricity is dissipated. 
The slips of gold-teaf may be eat and pasted 
on the wedge-shaped end of the conducting 
wire by the bookbinder. They are made 1^ 
to 2 inches long, and 1 to 2 lines broad. In 
most cases it will be advisable to use somewhat 
thicker leaves, and for this purpose mixed foil, 
madeof alternating gold and silver leaf, is good. 
When the straw electrometer is to be used for ' 
comparative experiments, a large, clean glass 
tumbler is taken and fitted with a cap of wood 
or metal, through which the glass tube is in- 
serted. Upon the bottom of the glass is placed 
a graduated arc of ivory fixed in a piece of 
wood, fig. 452. Slips of straw can, however, 
be employed only when the instrument ia 
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I to indicate very strong electricity; generally t!ie upper, thin 
ends of slender grass blades are used. When the blades of grass are very 
delicate, the end of a fine silrer wire, hent into a hook, is thrust directly 
into the hollow of the blade ; if the blade be coarser, the end of the hoot 
may be pushed obliquely through the blade and bent over. 

The upper end of the conducting wu-e must in every case terminate in 
a screw, in order to attach at pleasure a little ball of | inch diameter, 
or the plates of a condenser. Provided the divergence does not exceed 
30°, the electrical tension may, without perceptible error, be considered 
proportional to the angle. 
[241] Andriessen's very sensitive gold-leaf electrometer is shown in 
fig. 453. It differs from the ordinary one only in 
ig. 453. having a brass wire ab o d,l line thick, bent three 

times at right angles, inserted through a hole 3 lines 
in width, bored through the side of the glass by 
means of a copper rod and emery. This wire is 
secured in its place by being cemented at a into a 
piece of turned wood, about 1 inch thiclc, fitting 
into the hole by a suitable plug, which is cemented 
into the hole and to the sides of the glass. The 
apparatus would have a neater appearance if a brass 
tube were soldered to a round plate, through this 
a glass tube inserted and the wire cemented into 
it, as is shown in fig. 453. As it is easy to com- 
municate the contrary electricity to the knob which terminates this wire, 
the gold leaves diverge the more readily when the knob e is also 
electrified. 

"When gold-leaf is used for the electrometer, the slips must not be long 
enough to reach the sides, because it is difficult to detach them. Even 
carefully drawing ont the wire to which they are attached will often tear 
them. At all events, such delicate electrometers as those described in 
this paragraph, where the slips of gold-foi! are only 1 to 1^ inch long and 
1 line broad, and of the finest gold, must never be exposed to strong 
charges of electricity, and must always be bandied with the greatest care. 
One can easily make several electrometers with heavier gold-foi!, mixed- 
foil, or tin-foil; all, of course, without the separate bent wire, in order to 
have an instrument suitable for every purpose. 

In using this electrometer for very feeble electricity, when the bent 
wire is therefore charged beforehand by induction, it is not advisable to 
screw the condenser on the instrument. Tlie lower plate had better be 
fixed on a separate snpport, and after the separation of the plates, the 
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electricity of one is communicated to the knob e, as in fig. 454, where a 
separate tube for chloride of calcium is also introduced. 
Fig. 454. 




form ii! ^\g. -1 j."). Jt wa^ uiijririiilly proposed by Dellmann. ^4 
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well-insulating glass is provided with a wooden base and a movable cap, 
which has an aperture in the center, in which a glass tube a is cemented; 
this tube ia also closed by a movable cap, through which the brass pin b 
passes. To this pin a single or double fiber of silli (aecording to the use to 
be made of it) ia glued, carrying below a needle of the finest wire, an inch in 
length. A hole is bored in the side of the glass about an inch from the 
bottom, and a wooden or brass cap c cemented over it, through which a glass 
tube is passed. In this tube the conductor de\s, fastened by corks; this 
consists externally of a stout brass wire, which is bent upward and ends in 
a screw, in order to attach at pleasure a knob or the plate of a condenser ; 
within the glass a thin strip of brass, 1 line in breadth, carefully rounded 
and smoothed in every part, is soldered vertically to the wire with tin, 
and reaches to within ^ of an inch of the opposite side of the glass. In 
r^ . .„ the middle of the glass it is bent, 

as ia shown in fig. i56. The in- 
stmment is pla«ed on a board with 
d so adjusted 
it the thread reflfihes just to the 
middle of the bend in the strip of 
brass, and the needle assumes the position indicated in fig. ibl. The pin 
b is then turned until the elasticity of the thread just keeps the needle in 
contact with the brass. This is accomplished by raising th« pin h so that 
the needle can turn freely, turning the pin until the needle, when at rest, 
fulfills the required condition, and then depressing the needle. 

If electricity be now imparted to the conductor, it is communicated to 
the needle, and the latter repelled. This instrument is exceedingly sensi- 
tive and very reliable; it does better service in Volta's fundamental 
experiment than any other; but it is not adapted to class illustration, 
because the line needle can only be seen near at hand. 

[243] Bohnenberger's electrometer.— The experimenter can 
easily make this apparatus for himself. A large tumbler may be taken, 
and two Zamboni's piles attached to the cover ; but in this case the gold- 
leaf hangs between these and sti ks fast too easily and m uhaking it loose 
is very apt to be torn It is better to take a Kmp chimney ibout 2 
inches wide, as shown m fig 45T, for which i wooden cap and base are 
turned ; in the foot kg 458 two grooves are made to receive the tubes 
of the Zamboni's piles, the grooves aie connected by a slit bO that both 
may be lined with an unbroken strip of the toi! The tubes are left open 
below, and first filled with the disks of p^per and then cemented in their 
places; as they are connected by the strip of tin fod so as to foim one 
pile, the poles have always equal stiength The insulating quilities of 
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the glass tubes must preTioualy be carefnilj' tested, and they 
suet a size that tie pieces of paper will not be very tightly 
Disks 2 to 4 lines in diameter are large enough j they 
are best cut with a punch of corresponding size, out 
of imitation silver and gilt paper, pasted together 
with starch. If the sheets are pasted together by a 
bookbinder, he mast be directed not to use the paste 
mixed with glue which they use for other purposes. 
The upper end of the tubes may be closed by a cork 
pared off smoothly, and a wire thrast through this, 
which is bent into a ring on both sides and presses 
on the paper. Of course the two projecting ends 
must be of the same length. If it be desired to 
furnish the upper end with a brass monnting, having 
a screw on the ontaido in order to attach to it a 
brass cover ■with a rounded knob the apace ibove 
the papeis may be filled with a spiral coil of brass 
wire. When the wires are a little longer than the 
vacant apace they press on the papers The pole 
which has copper uppermost is positive because 
the last copper and the last tin aie not coapled 

The conducting wire is in this as in other elec 
trometeis either wrapped with silk or coated 
with sealing wax and cemented in with the same 
The screw on the end of all of them should have 
the same threid in order thifc the same pair ol 
condensing plates may be used with all 

The large ^laso tube is not cemented in its base, 
but a strip of velvet or linon, a little narrower th 
cavity m the base is paatcd around the ghss in order to stick it in fi 
The disks of pappr ot the Zimhoni's pile lie loosely upon each othei and 
more oi ftwer of them may lie introduced into the tube according as the 
wires which form the poles press upon them more oi Ics tightly By 
this means the strength of the poles, and therefore the dehcacy of the 
instrument, can be legulated at pleasaie AVith the dimensions given, 
the poles can easily be made so strong that a strip of tm foil suspended 
between them will osciUate foi a considerable time whn,h of course must 
not occur when the instrument is used as an electrometer 

This limit shoull, however be approached as nearly as possible even 
with gold leif when i very sensitive instrument is required 

This instrument has also been made with an unbroken horizontal pile. 




1 the depth of the 
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instead of a broken vertical one, and the two poles brought toward the 
middle. This construction has the ilifficulty, that one must either have a 
glass of proper shape made, or construct one by putting together plates 
of glass ; fi^s. 459 and 460 show snch an initrument. This form has 

Fig. 459. 




certainly the advantage that the pole wires ef are longer. If they are 
made elastic and acted on by fcrews attached externally terminating in 
glass rods the distince between the plates, and consequently the delicacy 
of the instrument may be vaned at pleasure. 

[244] A Coulomb torsion balance, though not a very perfect one, 
may be made by using for the electroscope Dg. 448, a glass, 6 inches 
in diameter graduating the upper moanting of the glass tnbo, and 
attaching an index to the brass pin The shellac needJe is suspended by 
a, very fine silver wire, instead of a cocoon fiber, and the torsion is effected 
by turning the pin. The zero points of the upper and lower graduations 
mast coincide, and the disk of tinsel must stand opposite this when the 
mark on the cap is at zero. It is a good plan to counterpoise the disk 
of foil by one of paper on the other end of the needle, which acts as a vane 
and brings the needle to rest sooner. The cap of the glass vessel must be 
loose, so as to admit of introdncing a capsule with some fused chloride of 
calcium. It is indispensable, before using the instrument, to wipe the 
cylinder and the tube with a woolen cloth ; the same precaution is neces- 
sary with all electrometei^. Experiments with the torsion balance before 
a large audience do not often succeed, for the air in a crowded room soon 
becomes too moist to admit of uniform results. 

[245] Charging a gold-leaf, straw, or Dellmann's electrometer, in order 
to judge of the eff'ect of a body held near it, is best effected by induction. 
The knob of tho electrometer is touched with a conductor, while an 
excited rod of glass or sealing-wax is held near it, and the contact broken 
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before the inducing body is removed, The attempt to charge it directly 
seldom succeeds well. If the body is highly electrical, it often acts upon 
the electrometer too strongly at a distance ; and if it be too feebly charged, 
it commnaieates scarcely any electricity to the knob, on account of its 
low conducting power, 

[246] The proof plane. — ^When it is required to test the electri- 
city of a body which is too highly charged to be bronght jp- ,«■ 
near the electrometer, or to investigate the diffusion of 
electricity over the surface of a conductor, it is done by 
means of the proof plane. This is a.dist of foil, tinsel, or 
gilt paper, ^ an inch in diameter, fig, 461, cemented to a 
thin glass rod which insulates well, and is coated with 
shellac, or better still, a rod of shellac, 4 to 6 inches long. 
The body to be tested is touched with this disk, and the 
charge communicated to the electrometer, which has been 
discharged with the finger. If the electricity be too feeble, 
the commanication may be repeated a number of times. 

[241] The electrical machine.— The electrical 

machine is one of the most indispensable pieces of apparatus ; 
it admits at the same time of the greatest variety in con- 
struction and size. The size of the maohine depends, other things being 
equal, upon the length of the sparks desired ; and it cannot be denied that 
all phenomena of theoretical importance can be exhibited as well witli a 
machine which yields sparks i to ^ inch long as with one which gives 
8 to 12 inch sparks, for it is immaterial whether a single sheet of paper 
be penetrated or a whole pack of cards. In the school the matter cannot 
be always re^rded so abstractly, as it is precisely the variety of pheno- 
mena which often rivets the attention of the pupil, and serves to illustrate 
the theory. But the philosophic amateur is as little satisfied with a mini- 
mum of effect as the scholar. On the other hand, all unnecessary expendi- 
ture mnst be avoided, and in view of this we may assert that an electrical 
machine, the eondnctor of which affords sparks 1 to 2 inches in length, is 
sufficient for all experiments, except such as Von Marum instituted. 

The length of the sparks depends also partly upon the construction of 
the machine, and it may be assumed in general that a plate machine 
which has a plate 15 to 18 inches in diameter, and does not give sparks 
fully 2 inches in length, is to be considered defective either in material or 
construction. If the machine be intended for instruction, care must be 
taken that it furnish negative electricity as well as positive, and if possible 
in equal strength. 

It is immaterial whether it be a plate or a cylinder machine. Cylinder 
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machines can be furnished somewhat cheaper than plate machines of 
equal power, provided the sparks required do not exceed 1 to 2 inches. 

The question whether it be better to undertake to construct a machine 
or to buy one ready made, is a different one to the teacher and to the 
amateur. The former mu&t either provide an entirely new apparatus, and 
in this case to make an electrical machine, which is the very first piece of 
apparatus needed, is out of the question ; or he finds a machine suitable, 
except that it has not as much power as might be expected from its size, 
and he has to improve it. The amatenr will take pleasure in constructing 
The principles by which both should be guided shall 
1 the following pages. In ordering a machine, it should 
be stipulated that it shall be capable of being used both for positive and 
negative electricity, and in a heated room in winter give sparks of a 
certain length. 

[248] The plate or cylinder. — Plates for this purpose are 

usually made of mirror glass, and may be had, ready ronnded and pierced, 

from the manufactories of mirrors; they may be obtained through a 

dealer in mirrors. In general, greenish glass is to be preferred. Plates 

may also be had from plate glass 

■ " factories, but the'ie are seldom of suffi- 

■'\ _ ciently even thickness, and the rubber 

■ ■ " must be made very yielding ; such plates 

' ■ are, at all events, not to be recommended. 

J"^ •_ The axis is usually made of iron. A 

£j:._ ^'jiiS lyij-Y'^ -i-^f thread is cut in the middle of it, and the 

^T^'^ir"" , plate fastened by two stout plates screwed 

on the axis, and separated from the plate 

;' by leather washers. In small machines 

the length of the axis must be nearly 

equal to the diameter of the plate, and it 

should be covered with a stout wooden 

'■ . cover varnished with &ealing-was, as 

• 1 shown in section in fig. 462. Since the 

'. ; hole in the plate is always somcwhaS 

larger than the axis, it is easy to adjust 

jjjj the latter exactly in the center of the plate, 

JE before screwing up the metallic plates 

Ml very tightly. Glass axes are preferable to 

iron, but they require very careful workmanship, and it is better to leave 

them to the instrument maker. A simple axis of this kind is described in 

6 252. 
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The bearings of the ax are made 1 ke all other bear ngs of two i lates 
of gun-metal, wl h cin be appros mated to ea h other ly s reii and 
are best supported on f,la a colum s wth veil turned woolen lieada 
Bearings of bee h ood cut a ros the gra n are h ve er lu te good 
enough. The rant has aUo an arm of glai It s not ab lutely 
necessary to in ulate the be r ng but t ncreases the power of the 
machine considetally for the elect c ty ajt to pass off f ora tie ollect 
ing arm of the conAuctor, or from the rubber to a non insalatel axis, of 
which one may easily satisfy himself in the dark. 

The axis of the cylinder machine is passed through the cylinder ; screws 
are cut upon each end, and instead of plates, wooden caps are used, which 
inclose the necks of the cylinder. The caps mast generally be made 
somewhat large and the necks cemented into them, in order to fit the 
axis exactly iu the center of the cylinder, which is even then seldom 
perfectly attained. 

[249] The rubber. — To plate machines, either one or two pairs of 
rubbers may be attached. Experience seems to prove that two pairs of 
rubbers increase the quantity of electricity liberated ; but that, except 
where the plates are more than 34 to 30 inches In diameter, the length of 
the spark is diminished thereby. 

As the chief object of an electrical machine is to prodnce the greatest 
possible tension, all machines of less dimensions than this should have but 
one pair of rubbers. The Leyden jars may be more rapidly charged when 
two pairs are used provided again that high tension be not required ; tliia 
mcoBvenience may be remedied by a few more turns of the crank, but 
nothing wdl increase the length of the spark The rul bers nee 1 not be 
broad in the directnn of rotation 1 to 1^ inches is quite enough, but 
they should be g the radius of the plate in length Thev aie be=(t made 
of J^mch boards the corners well rounded off and the surfaces planed 



1 is 



The b a d 
the rongh side utw d t 
at the sides, anl th dg 
oiT; a double til f fli 
stuffing enough Ti ba k of 
the boards arc covered viifh tii 
foil, and two knobs are strewed 
into each by which they can be let 
into a slit in a broad brass spring , 
this is fastened to the conductor, 
and may be compressed by tivo 
spherical screw-nuts, in the manner 



ed with thick soft Ireised calfskin, with 
e the amilgam the leather is gl le 1 only 
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shown ia fig. 463. Another' mode of fastening them is seen in fig. 464, 
where the rubbers are attached to two strong brass rods connected with 
the conductor by a joint at a. The pressure is here mamtained by two 
spiral springs, coiled around the wire c, between the brass knobs 6 and 
the rods. Tiie wire c is thickest in the middle, and filed square toward 
the ends, so as not to turn in the holes in the rods, which are also 
BC[uare, However the rubbers may be fastened, each pair must have a 
common spring, so that tbej may the more easily yield to the inequalities 
of the glass plate. 

The rubbers are fastened to an insulated ball of brass. If the size of 
the ball, which depends upon faste, makes brass too espensive, a wooden 
ball may be substituted, and the rubbers fastened to a brass rod which 
passes through the bail and terminates in a brass knob, 1 to 2 inches in 
diameter. 

The manner of attaching the rubbers to a machine is not easily changed 
without entirely reconstrncting it; but badly constructed rubbers can 
easily be exchanged for better ones. The excited part of the plate must 
be covered with oiled silk from the rnbbers to the collecting points of the 
conductor, This flap is usually fastened immediately to the rubber, and 
supported by silken cords fastened to the pillars of the machine. This 
flap of oiled silk cannot entirely prevent the union of a part of the 
positive electricity of the glass with the negative electricity of the rubber, 
even when the latter is not insulated ; this takes place where the glass 
leaves the rubber. The quantity of electricity lost in this way is greater 
when parts of the rubber are amalgamated which are not in contact with 
the glass. It is necessary, therefore, to avoid amalgamating more of the 
rubber than is actually in contact with the plate. This loss is especially 
sensible when the rubbers are made of thin plates of metal covered with 
leather, and for this reason such rubbers should, notwithstanding their 
elegant appearance, be avoided. This loss may be. most effectually 
counteracted by pasting a strip of thick silk to the side of the rubber, and 
allowing it to pass over this and extend a few inches under the flap. The 
amalgam is spread upon this silk, and connected by strips of tin-foil with 
the,tiack of the rubber. The strip of silk which is placed under the flap 
requires no further fastening; it will be immediately attracted by the 
electrified plate. This improvement is easily made on almost any machine, 
and increases the effect surprisingly. When the silk becomes soiled by 
particles of the amalgam, which are carried forward by the plate, it must 
be rubbed off with a woolen cloth, or exchanged for a clean piece. In 
spite of aU precautions, the electricity from the rubber of many machines 
will be found stronger than that from the conductor, owing to the loss in 
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transmission. Instead of the oiled silk, wiiicli is not always of tlie same 
quality, gutta-percha paper may be used with the same effect, and ia much 
cheaper; it lasts, however, only about two years, and then gradually 
becomes so tender that it falls to pieces. A better substitute stili is silk, 
Tarnished with shellafl while stretched on a frame. 

The mode of applying the amalgam has already been given ; its renewal 
y necessary when the fall power of the machine is required to 
i after long disuse. Uubbing off the cushions with blotting- 
paper, or simply rubbing them against each other, is often sufficient to 
restore their effect. 

Cylinder machines are furnished with but one rubber the length of 
whichisaboutftbat of the cylinder; the bre dth b 111 b t2 h 
or in small machines not more tban ^ of tbe mf f tl yl d 

It is made of wood hollowed out to fit the c ty f th yl d d 

stuffed with horse-hair, in order to yield mo 1 ly t th lit 

of the glass. A flap of oiled silk must cover th yl d f m th In 
to the conductor, and in this case also the tpflkmt db 
is a decided advantage. 

If it be required to insulate the cushion, th ]ngra tb tbtw n 
it and a amali carefully rounded board attaeh d t th 1 1 m b t 

it is difficult to produce a variable pressure 1 I 11 

machines the glass column itself can be supp t d [ m bl 1 

base against which the springs act, in order t j th h ag t 

the cylinder, as is seen in fig. 465. Large mb fth tdnt 

Fig. 465. 




usually have the cushion insulated, aud then it is easy to attach the 
necessary springs to the support 
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[250] Tlie conductor. — The conductor usually consists, ia ma- 
cliinea where it has no symmetrical position witli the rubber, of a short 
metallic cylinder, from 2 to 5 inches thick and 10 to 20 inches long, 
ending in a hemisphere, or of a sphere, 2 to 5 inches in diameter. The 
lartter shape is always preferred when the conductor stands opposite the 
support of the rubber, as it does in the plate machine. It generally has 
on the side opposite the rnbber a stout brass wire, 2 to 3 inches long, 
terminating in a linob, 1 inch in diameter. "When the support of the 
cushion is a wooden ball, the eondnetor may be of wood too, and in this 
case the support of the collecting arm passes through the ball and term- 
inates in a small brass knob. When the conductor consists simply of a 
metallic or wooden ball, it is very desirable to have a cylindrical conductor 
on a separate stand, wMch can be placed in contact with the cushion or 
the prime conductor at pleasure. 

This conductor should have at each end a projecting brass wire, 2 to 3 
inches long, terminating in a knob. The effect of the simple spark from 
the conductor is greatly increased ■■by such an arrangement. The prime 
conductor carries on the side next the glass an arm whieli is forked for 
plate, and T-shaped for cylinder machines, with sharp points directed 
toward the glass. The points should be as sharp as possible. The rods 



Fig. 466, 




to which these points are attached should be, at least toward the end, not 
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Fig. 16T. 



Fig. 468. 



only varnished, but thictlj coated with a layer of Bhellac or sealing-was, 
in order to prevent the oseapo of eleetricity toward the axis. Instead of 
setting the collecting points in a straight metallic fork, it is still better to 
employ a bent wooden one, as in fig. 468, and to make the points of pins 
set in a slit lined with tin-foil, and filled up again with sealing-wax. 
Where this wooden arm joins the metal one, it is connected with it by 
strips of tin-foil, and the whole arm varnished with shellac. 

[251] The insulation. — The best mode of insulating the conduc- 
tor, the rubbers, and the bearings of the axis, is by means of columns of 
green glass. These columns are, however, very expeusive, since with a 
plate 15 or 20 inches in diameter tliey must be nearly that high, and both 
strength and symmetry require that they should not be too slender. It 
will, therefore, often be necessary to use instead of solid columns, stout 
tubes ; these can be more readily procured straight and tolerably uniform 
in thickness. Tubes answer the purpose quite aa well as solid columns 
when varnished internally with shellac and cemented in, during cold, dry 
weather, or a piece of fased chloride of calcium inclosed. 

The conductors have frequently a nect 
to receive the head of the columns, as in 
fig. 461, which is very objectionable, 
ca ng a con derable es ape of elec 
tr c ty ilong the glass wh I may be 
read ly observed n the lark The form 
of the n lated body sh ul I rather a 
Von Mar m d rects be depressed at 
tl IS po nt as s bown n ect on n fig 
468 The defect may bo j a i ally re 
medied by cementmg around the lower 
edge a smooth 11 of shellac or seal ng 
was b to 8 1 ne th ck rolled out be 
tween boards wh le warm 

Defects of insulation influence chiefly the length of the spark, and have 
very little effect on the charging of the jars, unless the tension be great. 
Many machines with which a battery may be charged very rapidly give 
only short sparks. The perfection of the insulation may be judged by the 
brushes of light which stream from the conductor in the dark, especially 
toward the axis and along the columns, which ought not to be visible if 
the insulation is good. 

[352] Winter's electrical macllines. — The electrical machines 
constructed by Winter, in Vienna, have attracted much attention, on 
account of the length of the spark yielded by them in proportion to their 
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dimensions. The author has one of Winters marhioes, nitli a plate 4T 
centimeters (18^ inches) in diameter which, with propei management, 
will give sparks 9 to 10 inches long, and as its construction can be 
imitated in many respects in other machines without much expense, a full 
description of it is given. Fig. 469 i*! a pBispoetive view of it, ^ to ,'5 

Fig. 469 




of the natural size The plate which is 8 millimeters thick is secured by 
screws between wooden blocks one of which iis connected with the mach 
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by an axis of green glass i, 24 centimeters long; the other ends m a 
gudgeon tui-ning in a wooden knob e, which is supported on a glass 
column s, 40 centimeters high. The gudgeons are all of wood and turn 
in wooden bearings. The rubbers are made of wood covered with 
leather, and stuffed witii a little cotton, and are broader toward the edge 
of the plate. 

Fig, 4T0 shows a side view of one of the rubbers. The board a, upon 
which two springs are fastened, lits into the grooves of the socket, fig. 471. 
Fig. 411. 

Fig. 470. 





This socket is lined with metal, and connected by wiies viith the stalk of 
the negative conductor o, fig. 471, which is inserted m the hole c. This 
conductor is supported on a short glass column/ A flap <jf oiled silk is 
attached to the rubber which extends to the collecting arm of the condnc- 
tor, and is double throughout, three or four fold at first. (Oiled silk can 
be cemented together by solution of shellac,) As these flaps fall off from 
the plate and carl up when the machine is not in use, little pins of split 
cane are used to keep them in constant contact with the plate p, fig. 471. 
The conductor is supported on a glass column g, 47 centimeters high, 
and consists of a koliow globe of brass a, 10 centimeters in diameter. 
The globe is depressed below, as is shown in fig. 472. It Las a cylindrical 
tube inserted in it above to receive the handle of the wooden ring, and 
opposite the collecting arm a hemisphere only 5 miilimeters in diameter, 
which slides in and out in a narrow tube, 1 inch long. The collecting 
apparatus consists of two thick, polished 'WOoden rings, from 3 to 5 
centimeters thick, with an external diameter of 13 centimeters. They 
are fastened to a T-shaped arm of brass, the handle of which, z, fig. 473, 
18 
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slides into the bait of the conductor. A groove is lut on the mside of 
each ring where tlie excited surface first approaches it, is is seen in 
the ring, fig. 474; this groove is lined with tm-foil which extends to the 



Mg. 4T2. 




Hz 




cross-piece of the arm, and set with a thick row of fine pin points 
which reach only to the surface of the ring. The support of the conductor 
is movable oa the base, being, like all the other glass columns, secured to 
the base board by a screw from beneath ; the rings can, therefore, bo made 
to extend more or less over the glass. The longest sparlis are obtained 
when they do not extend with their whole diameter beyond the edge of 
the glass. 

A polished wooden ring, 3 to 5 centimeters thick and 68 centimeters 
in diameter, can be inserted into the conductor by a handle 50 centimeters 
long, ending in a brass ferrule, fig, 414. The ring is made of several 



d by Google 



PHYSICAL EXPERIMENTATION. 

pieces of wood glued together, and has concealed h 
which reaches down to the ferrule. Care 
must lie taken that this ring, when in use, 
does not reach within 2 or 3 feet of the ceil- 
ing of the room. 

A separate sparh-drawer, fig. 415, is at- 
tached. It consists of two brass balls connect- 
ed by a metal rod and supported on a wooden 
stand. The larger ball is placed opposite the 
little knob of the conductor and connected with 
the rubber; it is an oblate spheroid, and repre- 
sents on the side next the conductor a segment 
of a sphere of great diameter. 

The whole machine is fastened by a wooden 
screw b, flg. i69, to a low table. 

Although the ma^'hine deserves full credit 
for the excellence of its construction, tlie chief 
cause of its powerful action must he in the 
qualitv of the glass Beine entiiely free from 
superfluous ornament these machmes can be 
sold cheaper than others A pnce list of 
Winter's machines is given below. Each ma- 
chine is famished witb a spark-drawer. 



Mofplale. LcngHiotaparS. Price, 

inohes. 22 to 24 inches. $160 




Leas elegantly finished machines, but equally etfeetive, cost | less. The 
table is not included. 

[253] Management of tlie electrical machine. — In order 
to obtain the greatest effect from an electrical machine, it must be care- 
fnlly freed from dust and from particles of amalgam adhering to the glass, 
and the insulating columns rubbed off with warm woolen cloths. The 
bearings must be cleaned and oiled from time to time. It is very advan- 
tageous to warm the whole machine, and for this reason it should be 
placed in winter near the stove. The best effects are obtained when the 
building is warmed by heated air, and the machine is placed near the flue. 
This will be readily understood when one reflects that tlie air in houses 
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wliich are varmed by farnaces is so dry aa to be a fertile source of disease 

to tlie occupants. The machine may be warmed in summer by itting to 

Fig 41" ^ common charcoal furnace fig 

^ ^ijg _j_ 4T6 a jacltet of sheet iion fig 

^^™»^ jIll 41" terminating la a pipe and 

nllBit /iUk. pierced with numerons holes be 

PhB # 1^ ^'^^ '^^^ furutce IS filled with 

li^H^ m ilwH ^^^^ charred coal and the pipe 

iSP^Dfe HMI^^l ^'^ directed that the an which is 

''^SSS^ IIIIII^H^Hfc heated bet^veea the furnace and 

^^ ^^^ liPHOdj^^^ ^'^^ jacket shall flow out agiin t 

^'■^'^™^^ tlie machine 

The flaps of oiled s Ik n I'it ilao be lemoved from time to time and 

freed from adherent i oit cles of amalgam it is aho well to lift them up 

before beginnmg to tnrn the plate as they aometimof stick fast ind aic 

easily torn 

It need hardli be mentiono 1 that the rubber and the conduct r must 
aot both be insulated at the same time The commun cation must be 
sufficiently established with one side and for toleiably powerful machines 
it is not enough to allow a chain to lest upon the diy flosi the chain 
must either be spread out upon the fljor or put in communication with 
other lirger masses of metal The velsc ty of lotation depends upon the 
size of the plate is the qaesti n is not so muck how many levolutions are 
made as how ra^ idly the rubber passes over the surface of the glass It 
does not appear that the hmits aie very nairow the velocity mij be 
toleiabl) gieat, but it should not propeilj exceed 10 feet in a second, and 
an average of 5 feet is enough. When the rotation is too slow, the 
electricity of tlie plate is dissipated under way. 

In experiments in which the raaxiraum effect of tie machine is required, 
it ia useful to ascertain previously, in the manner described under Lanne's 
jar, in what condition the machine is; for which purpose a card is 
attached to the jar, noting the number of revolutions necessary under 
favorable circumstances to produce a spontaneous discharge when the 
balls are at a certain distance apart. 

Where no separate lecture-room can be had, there is no resource, when 
the whole power of the machine is to be brought into play, but to clear 
the room one or two hours before the lecture on electricity, and let it be 
properly aired and heated. Experiments with high tension, which 
require good insulation, never succeed well in a room occupied for several 
hours by a crowd of persons. 
[354] Preservation of the electrical machine. — The 
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Fig. 478, 




macjiine is generally so high that it is incoDvenlent to work when planed 
on an ordinary table, and is too low to be placed on the floor. It is 
better to have a special table of such a height that the winch can be easily 
turned ; the machine is fastened to this by a pair of screw clarapa, remains 
upon it, and is covered with a large cotton cloth. 

[255] The steam electrical machine. •— Any small steam 

boiler will serve to show the action of this on a small scale. A simple 
arrangement of snch a machine in which the heat is applied externally, 
will bo given in the section on heat The steam is allowed to escape 
throngh a lead tnbe, about 3 feet long, closed by a plug of wood with an 
aperture, about ^ a line wide, and impinges against an uninsulated network 
of fine brass wire placed about a foot distant. 

Even with very small dimensions fwhich will be given hereafter) and 
a pressure of only 3 to 4 atmospheres, such a boiler 
gives an abundance of small sparks. The effect is in- 
creased by attaching two brass plates a b, fig. 418, to 
the inner side of the plug in saeh a manner tliat the 
steam in escaping between them mnst take the direction 
of the arrow. If the boiler be not insulated, the steam 
may be directed against an insulated wire gauze, which 
gives the opposite electricity from that given by the 
boiler. 

[25G] The insulating stool — Thi^ !■, mad< 

inch thick and IJ to 2 feet square, well rounded 

at the corners and edges, and strengthened at 

the comers by four additional pieces The 

glass legs must be I foot in height and not le s 

than 1 inch thick. Snch supports art lomo 

what expensive and may be very cheaply le 

placed by 4 champagne bottles, which are set m 

at the corners, as shown in fig. 479, and cement 

ed fast with ordinary sealing-wax. Bc'iides this lii^e msulating stool i 

smaller one, 4 to 5 inches high and 2i to 30 inches square is needed foi 

many experiments. Both should be well vainiahed 

[257] Experiments with the electrical machine: at- 
traction and repulsion. — (l) The electrical spider. A ball of 
cork, with a few appendages like spider's legs, is suspended by a silk 
thread near the conductor ; the palm of the hand or a metallic plate is 
held on the other side of it. The ball wil! be first attracted by the con- 
ductor, then repelled against the hand, then attracted again, etc. 

(2) The eleotrical chime. This is easily made out of two clock bells, 
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into the screw holes of which plugs of wood are driven ; a wire is thrust 

through the plug and bent into a ring close to the metal above and below, 

as ia seen in fig. 480. Two such bells are suspended, 

Fig. iSO. as in fig. 431, from a strong bent wire, the one by a 

silk string, the other by a fine wire. Between tke 

two is suspended, by a silk thread, a little metallic 

clapper, which can be made of a heavy button. The 

bell which is suspended by silk is pat in communication with the floor, and 




the whole apparatns is hung upon the eonductor. With a little more 

expenditure of time and money, the bells may be hung upon an insulated 

stand, as seen in fig. 483, and polished and varnished. Of course, when 

Fig. 483. it la possible, bells which accord should be selected. 

^~ (3) The electrical Jly. For this esperiment, the little 

1 insulated stand of the electrical needle, fig. 446, is used. The 

\ji fiy consists of an S-shaped braas wire, fig. 483, sharpened at 

^ both extremities and supported on the pivot by a little conical 

\ depression bored in the center; this needle is then brought 

^ into communication with the conductor by a chain. A 
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simpler plan is to set the fly on a pivot fixed in one of the holes of the 
conductor S. 

(4) The golden fish. A figure of Mg. 484. 
a fish, fig. 484, is cut ont of tinsel, and 

fastened with gum to a silk thread. If 
the head be turned to the conductor it 
will be attriwted but if the tail be pre 
sented to the same it wil! be repelled 

(5) The expansion of a stream of ' 
water by electiical repulsion is readily 
shown by me ms ol a tin funnel snspen led fr m the c inductnr the { ut 
let is close 1 by a coik thrc ngh whirh a capillary tube parses As soon 
as the machme is &et in motion the water which before scaicety issued in 
drops, begins tj flow out rapidly 

(6) The electrical dance A number of little bills of cork or eller 
pith are hid on a metalln, plate which i placed at a hort distance below 
a similtr pi ite anspci del fiom the condu tor of thu machine It is \ ell 
to have tte upper plate tolerably thick ; it may be made of a circular 
board, well rounded off at the edges, and covered with tin-foil pasted on 
smoothly, as in fig. 485. Figures cut out of paper or pith may be substi- 
tuted for the balls, and the distance between the plates must then only 
slightly exceed the length of the figures. The pith balls are apt to fly 
off from the plates ; it is, therefore, better to inclose tkem in a cylinder 

m.g, 486. 



Fig. 485. 





of glass closed above and below by a cover of pasteboard coated with tin- 
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toil, upon ivhich a chain from the conductor ia laid, fig. 486. Bits of 
paper or sand may be used in the same manner, and the experiment is 
then called the electrical hail-storm. 

(T) The repulsion of similar electricity is exhibited by fixing in the 
conductor or an insulated stand a wire, about 10 inches long, carrying at 
the upper end a small disk of wood coated with tin-foU, To this disk are 
pasted alternate red and white strips of tissue-paper, 2 or 3 lines broad 
and somewhat shorter than tiie wire, fig. 487. When the machine is set 
in motion the stiips will spread out like an umbrella. 
Fiq 48t 




(8) The electrical spark inflames spirits of wine, ether, or a mixture of 
oxygen and hydrogen. For feeble machines, which give a spark of 3 inches 
or leM, spirits of wine must be previously warmed, or lighted, and, after 
heing allowed to burn a moment, blown out again. Both spirits of wine 
and ether shonld be held in a capsule or tablespoon near a knob of the 
conductor which is directed downward, or a stout wire bent into a ring and 
suspended from it, fig. 488. Ether need not bo previously warmed. It 
generally requires several sparks to cause inflammation, probably because 
some of them go to the side of the spoon. Explosive gases are ignited 
in a metallic vessel like flg, 489 or 490, or else in a small cannon, fig. 491 ; 
the latter is least liable to burst, but even for the one represented in fig. 
490, thick tin plate is strong enough, provided the capacity be not above 
20 or 30 cubic inches, A short tube t, about 3 to 3 lines wide, 
to the outside of the apparatus, and into this a glass tube ( { is 
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the wire which passes throngh the tube is boot at both ends to a ring, and 
placed about 1 millimeter from the bottom of the chamber. 
Fig. 489. Fi(j. 490. 





Before cementing the wire in its ])lace, it should Ije ascertained by 
inspection whether sparks really pass from the wire to the vessel when 
the external ring Is connected with the conductor. 

The pistol may be loaded eitber by mixing hydrogen gas directly with 
the atmospheric air, and then pressing in the cork pretty tightly, or by 
filling an ordinary bottle with the explosive gas and the pistol with peas, 
shot, or d y 1 t d ] 1 th a th m nth of the pistol is then 
placed ov tl k f th b 1 1 d th nd haken into the latter, 

holding th 1 d t htly a d th k f th two to prevent as much 
as possiW th p f I th way mu 1 louder detonation is 

produced Th m 11 t 1 tn al p k ffi t to ignite oxy-hydro- 
gen gas. In h g K d tl w tl hj 1 g mast be taken to mix 

it in proper proportion with the air, for a mixture of little hydrogen with 
much air will not explode. It must never be omitted to test the strength 
of the pistol beforehand with pure osy-hydrogen gas. This is done by 
placing it behind a door, connecting chains with the pistol and the wire 
and b, and discharging it by a Leyden jar. 

(9) One of the most striking experiments with the electrical machine is 
made by placing a person on the insulating stool and connecting him by 
a stout brass wire with the conductor. The sparks are peculiarly pungent, 
both to the person insulated and to one who receives them when they are 
drawn out throngh the clothing. If a second person hold a spoon with 
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ether, the persoa insulated can inflamo it by touching it with his finger. 
If a second person hold a metallic plate or simply the hand over the head 
of the insulated one, his hair will stand on end; and the same thing will 
take place of itself if the hair be dry aad the electricity strong. 

(10) Penetrating glass. A three or four ounce phial is filled with oil 
and closed with a cork, through which a pointed wire 
is passed and bent, as in fig. 492, so that the point 
presses slightly against the glass. The phial is then 
suspended by the oater ring from the conductor. 
If a metallic knob be now suddenly held near the 
point of the wiri^ a spark will pass thr Dugh the glass 
even when the striking distance of the ma;,Iiine la 
uu!y an inch The subsequent sparks pa'^s through 
the aperture to the usual stnking distante Ihe 
same phial may be used repeatedly for the aperture 
IS esceedinglj fine so that it cin onir be seen with 
a lens and aftei standmg for days onlj a drop ot 
Oil esades through it Under the mieruscope the 
aperture presents the same appearince as those made 
thiough the Leydeu jai which «ill Ise mentioned 
hereafter Unfortunately this espenment which can 
be performed with ao simple means is not adapted 
for illustration before a claso because of the hne 
uess of the hole The wire should not press too 
hard against the sides ot the phial otheiwise there 
IS danger of breaking and fpilkng the oil 
(11) fhe hot-L stioLe A fiog which has just been stunned by a blow 
on the head is su pended by a wiie from a conductor m the neighborhood 
of the pnme csnductor of the machme, aa often as the conductor la 
suddenly discharged a twitching of the le^a of the animal will be pei 
ceived. To make this expenment suitable for class illuatiation the 
machine must be very poweifuL 

[258] The distribution of electricity over the surface 
of conductors and the action cf points may be illustrated by the proof 
plane applied to varioua parts of the surface of an in ulated gbbe The 
globe may )jo of wood coated with tm foil and suspended by a silken 
cord the tin foil must be smoothed with special care A long cjhndei 
may be employed for the same purpose The electrometer used may be 
a gold leaf or straw electrometer The experiments can be easilj shown 
to a class when accuracy la not required 

[259] The action of points may alao be demonstrated by fasten- 
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ing a iine needle to the conductor with was. A candle flame is held 
against this to show the effect of the electrical wind, and att«ntion may 
be called at the same time to the difference 
in the length of the spark. The latter 
may also be done by holding a needle in 
the hand near the conductor of the machine. 
Pig. i93 shows a very conyenient appara- 
tus for illustrating the action of points. 
Into the board m m a bent glass rod is 
fixed, carrying on the npper end the block 
b, through which the sharp pointed wire d 
is passed. The wire fits tightly enough to 
maintain any position The wire termi 
nates iu the metallic ball p 1 to 2 inches 
in diameter; but a tin ball cast m a bullet 
mould will ansvier Opposite this ball 
another ball/ is fastened to the board with 
a conductor. If the po nt of the wire be 
directed toward the (,harj,ed conductor 
it will silently diaw oft the electricity 
which passes to the second ball in sj arks '' 
of greater or less length accord ng to the 
distance. 

[360] Two contrivancea may lo employe 1 to prsvo that electricity 
resides only on the surf ice Oneccnsists of a con luc ting globe furnished 
with two hemisphencil ca} s ilso conductors with 
insulating handle's The interna! diameter of the 
caps is at least ^ an inch greater than that of t' 
globe; and the Jatter is insulated on a glass lod or 
silk cord, which passes through incisions m the 
hemisphere, fig, 494 The globe is electnfied either 
before or after corering it with the caps in either case the latter are 
suddenly removed by drawmj, them quickly m o[ posite directions after 
first moving them ^o that they are not in contact with the globe Only 
the hemispheres vill be found to be electrical The e\penment is never a 
certain one, because one is very ai t m drawing off the covers to touch 
them against the ball The following apparatus is surer A stiip of 
genuine gilt paper the length of a sheet and 2 oi 3 inches wide is 
pasted to a metallic cylin lor i n fig 495 in both eniia of which grooves 
are turned. The other end of the paper la fistenel annnd a piece of 
thermometer tube b 6 to which the ends of a silken cord about 2 feet 
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long, are fastened, and which supports also a ] a of p th I al 
thread. The ends of another longei 1 corl a e it el h 
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because the surface is increased, 
and diverge &.% it roils np. This experiment requires a very dry atmo- 
sphere. 



(6.) EXPEEIMESTS ON ELECTRICAL INDTTCTION. 

£361] Take either two brass wires, the thickness of a finger and 10 to 
12 inches long, rounded off at their extremities and polished all over with 
pumice and fine emery, or else two larger conductors of brass smoothly 
soldered. Cement these conductors to green glass rods, 10 to 12 inches 
long, well coated with shellac varaish, and set in a wooden foot, as in 
flg. 497. Tour elder-pith electrometers with linen threads are tied by 
silken strings to each conductor. These experiments mnst be made only 
in very favorable weather, and it is better in many cases to withdraw the 
electricity from the conductor of the machine with the finger, rather thau 
to remove the other conductor from it so as to withdraw it from the 
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electrical atmosphere. A cake of rosin furnishes i better ' uue of 
electricity for sucJi experiments than the conduutoi tf the michinc even 



Fig 49T 
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1 t fi lly d t 
ferent kinds of electricity at its 
two ends, an electrified pitli ball 
is brought near the conductor at 
different points. If the conductor 
be touched with the finger while 
thus electrified, no matter at what 
point, it will show throughout its 
whole length, but stronger in the 
neighbiirhood of the indudng body, the contriiy tlaLtri in , if the linger 
be taken off and the inducing body then remoTed, the electricity which 
was before confined will distribute itself over the conductor according to 
the Ubual law, i.e. it will accumulate on both ends. The quality of the 
electricity on the induction conductor may be most certainly ascertained 
by means of the proof plane, fig. 461, by communicating electricity with this 
to a delicate Bohnenberger's or gold-leaf electrometer, to which an excited 
glass rod is approximated. 

If both induction conductors be yilaced in contact end to end, and 
separated suddenly while in a state of induction, each will possess but one 
kind of electricity, which is not the case when they are only placed near 
each other in a straight line. 

As the pith balls which are nearest the 
electrified body are strongly attracted by 
it, it is best to bring the excited glass 
tube, or whatever the electrified body may 
be, toward the induction conductor from 
above, or place the conductor in a vertical 
position, and employ only two pairs of 
pith balls, as is seen in fig. 498, where the 
induction is produced by a cake of rosin. 
The conductor must always be so arrang- 
ed that the hands may be free to examine 
the quality of the electricity. The in- 
duction should, moreover, never be too 
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strong, otherwise an error may be caused by a partial transfer of elec- 
tricity. 

Any delicate electrometer may be used for esperiments on induction. 
As soon as an electrified body is brought near it, it will show electricity 
of the same liind as the excited body, because this is driven down into 
the lower end of the electrometer. With the removal of the electrified 
body the evidences of electricity disappear. 

If the knob of the electrometer be touched with a conductor while in a 
state of induction, all signs of electricity disappear ; but if the communi- 
cation be broken before removing the exciting body, the electrometer will 
show the contrary electricty, after this is taken away. This is at once a 
simple and instructiye experiment for the doctrine of disguised electricity. 
Connect the knobs of two similar straw electrometers by an insulated 
conductor, (wire attached to sealing-wax,) then bring an electrified body 
near one of them and remove the wire while the induction continnes, 
both electrometers will show, after removing the inducing body, contrary 
electricities. 

Fig. 400. Many esperiments on the distri- 

bution of electricity over surfaces, 
the mutual neutralization of two 
kinds of electricity, etc., may be 
made with two similar straw electro- 
meters, by electrifying one and con- 
necting it by an insulated wire with 
the other, which is either not at all, 
or less strongly, or oppositely elec- 
trified. 

In illustrating the doctrine of 
electrical induction the fundamental 
experiments with the pith balls may 
be tried again, and attention called 
to the greater force with which an 
insulated ball is attracted, than one 
not insulated. 

[262] Disguised electri- 
city. — The theory of the Leyden 
jar is best illustrated by the appara- 
tus fig. 499. AB3,ndLE F are two 
metallic disks, with thick, rounded 
rim, and well insulated glass han- 
dles, one of which is fixed in a wooden foot. The glass plate (7 2> is 
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n, extending at least an inch beyond tlie edges of the dislts 
on every side ; its edges need not be rounded. Polished wooden disks, 
covered smoothly with tin-foil, may be substituted for the metallic plates. 
Each plate is provided with an elder-pith electroscope, which can be easily 
removed; for this purpose the upper one is suspended from a wire on a 
metallic foot, and the lower one from a hook. Take .d B by its glass 
handle and draw off a spark with it, and bring it near the glass plate G D 
while its halls are divergent, fig. 500, its balls will sink nearly together, 
and those Qa E F will diverge ; conduct off the electricity from E F, and 
the balls on A wilt sink to within an almost imperceptible distance. Take 
A B off, and both pairs of balls will diverge agmn. Conduct electricity 
to A B, by means of an insulated wire while resting on the glass plate, 
and both pairs of balls will diverge once more; continue the charging so 
long as A B will receive any electricity ; then touch E F with a conduc- 
tor, the lower balls will fall together, the upper ones nearly so, and A B 
will receive more sparks, etc. If the two plates be then connected by a 
wire, a lengthened spark will be produced; but if the two be separated 
from each other and the glass and discharged, and the apparatus put 
together again, it will be found still to contain a residual charge. A 
thin, uniform plate of glass must be selected, and the charge not urged 
too far for fear of a spontaneous discharge. 



Fig. 500. 



Fig. 601. 



Mg. 502. 






A plate of glas"! coated on both sides With tin-foil to within 2 inches of 
the edge, serves alio to illnstrite the theory of the Leyden jar It may 
be set upright on a wooden stand figs 501 and 502, and a pith ball with 
iinen thread attached with wax to the tin-foil. It is usually rhaiged by 
holding one coating against the conductor, while the opposite coating is 
touched with the finger 
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Eemove the plate from the conductor and touch each coating alternately, 
the ball will fall to the coating each time on the side which is touched, 
and the other will fly oEf. The margin of the glass should have several 
coats of sealing-wax varnish. This should be made with 90 p. cent, 
alcohol and an excess of sealing-wax. When the coating has become so 
thick aa not to show the glass anywhere, which shoald ba effected by 
repeated rather than thick coatings, one or two coats of pure shellac are 
applied to give it a firm, glossy surface. Even the best sealing-wax is 
apt to remain a little sticky on the surface. 

[263] The Leyden jar: its construction.— Wide-mouthed 

specie jars are the best for the purpose. They should be of various sizes; 
a small one, 4 to 5 inches high and 2 to 3^ inches wide, a larger one of 
about 1 quart capacity, which may he used as a measuring jar, and several 
others of different sizes, besides one of 2 to 4 quarts capacity made of 
thick glass, for experimeuts with high tension. 

A greater effect is produced by one jar with a large coated surface 
than by several smaller ones whose aggregate surface is equal to it, com- 
bined into a battery. For large jars, those which are high and narrow 
are preferable to wider and shallower ones, because they occupy less space 
on the table. Economy of spa^ie should always be considered. Glasses 
of uniform thickness and free from bubbles should be selected, as they are 
easily broken by a spontaneous discharge at thin spots or where bubbles 
occur — which will happen sometimes at all events, and makes it the 
more necessary to be able to construct jars for one's self. Jars with 
thin glass are, indeed, preferable, but should only be used when quantity 
of electricity is needed, which is obtained by increasing the nnmber of 
jars, and not for high tension The jars designated for experiments with 
electricity of high tension should have walls at least 1 line in thickness, 
and a broad uncoated margin. 

A greater quantity of electricity may, it is true, be also obtained by 
charging the jars to a high tension, i.e. till they yield sparks nearly as 
long as those of the electrical machine ; but on acconnt of the imperfect 
insulation, much electricity, and consequently time in charging, is lost, and 
with a small machine this consumes time enoagh. One may easily satisfy 
himself how far a jar may be charged without loss of time, by insulating 
it well and connecting the outer coating with Laniie's self-discharging 
jar, the knobs of which are placed very close together. When the nnmber 
of revolutions necessary to cause a discharge of Lanne's jar increases 
rapidly, the quantity of the charge will not be increased in proportion to 
the labor expended, and it will therefore be better, when the success of an 
experiment requires it, to increase the number of jars. Four square feet 
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of coated sarfe«e are sufficient for all Illustrations of the effect of the spark, 
if the machine give sparks at least 2 inches long. The aneoated margin 
most be 3 to 4 inches high, to admit of considerable tension in certain cases. 

The next requisite after the glass is tin-foil, which is, unfortunately, not 
to be had everywhere. Imitation silver paper is a bad substitute for 
tin-foil, for the tin on it ia broken in many places and the paper is a bad 
conductor. 

The tin-fo I pa ted on with thin starch. The paste should be 
applied to th t n f 1 y thinly and the foil immediately laid on the 
glass, covered w th a 1 t of paper and pressed down with a cloth 
rolled up int a 1 II a to lie smooth. Any bubbles still remaining 
are caused by Ida r starch ; they should be cut open with a 
sharp knife, and th f 1 p ed out smooth. As the bottom of the jars 
is usually convex within, the beginning is made with it : cut a round piece 
of tin-foil large enongh to reach up a little way around the sides, and 
make incisions around the edge. The sides are coat«d with upright strips 
of tin-foil, not over 2 to 3 inches wide. When the inside is completely 
coated, hegin on the outsiiJe. As the bottom is concave on this side, the 
tin-foil stretches evenly across it; when the edges are pressed down, 
endeavor, by gentle friction with a cloth, to force the foil gradually into 
the cavity, which generally succeeds unless the cavity be very deep. Any 
rents which occur must be patched with foil. When the coating is com- 
pleted, place the jar on the table and draw a line all around it at a 
uniform height. Out off the foil evenly by this line, first outade and then 
inside. The small jars and the measuring-jar must have an uncoated space 
around the top, about 2 inches wide, which should be covered with shellac 
or sealing-wax varnish. The smaller ones may be previously warmed. 
The uncoated margin of the larger jars must be 3 to i inches wide, and 
for high tension the margin must be G to 8 inches wide. The conducting 
wire should also be surrounded by a glass lube extending from the knob 
into the interior of the jar. A coating of sealing-wax is very useful. 

After the jars are coated, make for each of those which are to remain 
single a case of pasteboard, reaching to ahont ^ to ^ the height of the 
coating, and cover it inside and out with silver paper. This serves as a 
protection to both coating and glass, A ring of thin brass wire may also 
be laid around the jar just above this case, to serve for attaching chains, etc. 

Finally, procure from the turner a tight-fitting cover of hard wood, 
through which the conducting wire is inserted, reaching nearly to the 
bottom of the jar. For this, brass wire I line in thickness is employed, 
or for very large jars, wire 2 to 4 lines thick. The outer end of the wire 
terminates in a knob, j to 2 inches in diameter, screwed or soldered to 
19 
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the wire. The knob should be hollow, and may be made by any brass- 
worker. 

In ease of need a ball of tin may be cast on the wire in a bullet mould. 
A piece of gold laee, or a couple of iittlo chains, are attached to the 
lower end of the wire to connect it with the inner coating. The tops of 
the small jars and of Lanne's measnring-jar are cemented on. This is 
effected simply by coating the edge of the cover thickly with sealing-wax 
in solution, and allowing the same to run in between the wood and the 
glass after applying the cover. The covers shonld all be well varnished 
to protect them from moisture. 

To combine several jars in a battery, place them in a box which will 
jnst hold them all when placed in order, and coat it internally with tin- 
foil, with which a brass ring communicates on the outside. Then connect 
the inner coatings by brass wires extending from knob to knob; the 
hooked ends of these wires must be mounted with balls as large as a 
bullet. 

These batteries are very convenient, because the inner surfaces of any 
number of them may be connected by wires. They are not convenient for 
charges of high tension, for in this case one of the jars is frequently broken 
by a spontaneous discharge, and one cannot always be found to take the 
place of the broken one. But batteries are, in fact, unnecessary, for any 
number of Jars may be quickly placed together and united by a chain 
embracing them all. The inner coatings must be connected by thick braes 
wires bent into a hook at each end, and furnished with knobs. Care must 
be taken to make the connection perfect. 

Very small jars are made of medicine phials. 
Fig. 503. coated with tin-foil only on the outside. Instead of 

the inner coating they are filled with iron or brass 
tiiings, or else a thick solution of gum is poured into 
them and spread over the surface to the required 
height, and then filings poured in and shaken up ; 
what does not adhere is shaken out after drying. 
The conducting wire is stack through a cork. The 
wire of such bottles may be bent as in fig. 503. By 
holding in the last three fingers a piece of amalga- 
mated leather, with which a glass tube held in the 
other hand can be rubbed while the bottle is held 
between the thnmb and fore finger, the tube passing 
through the ring in contact with it, sacli a small 
bottle may be charged sufficiently to ignite oxy-hydrogen gas, and give a 
slight shock. 
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[264] The discliarger. — The tnost convenient form of the dis- 
eha e that shown in fig. 504, in which the two wires & c and b' c aie 
conn tel by a hinge at g, and each has its owii insulating haiidie, by 
means of which the distance between the knobs can he altered at plea- 

e The arms must each be 8 to 10 inches long, to admit of their being 
use! f r the largest jars. The handles are made of green glass rods, 
i to 5 n hes long and ^ to 1 inch thick, cemented into brass collars, 
which are soldered to the wire. When the discharger has only one handle 
attached to the hinge c, it is very inconvenient, more so than the simplest 
Mg. 604. 

Fig. 505. 




form of the discharger. The simplest form is a small brass chain attached 
to a short wire cast in a ball of lead or tin, and inclosed in a short glass 
tube. The chain is hnng around the outer coating, and the bail applied 
to the knob of the jar. A more convenient arrangement is a wire, 3 to 3 
millimeters thick, furnished with two knobs and glass tubes, as seen in fig. 
505. The wire should be hardened so as to have some elasticity. 
Fig. 50fi. 




[265] Henley's universal discharger is a very coBvenient arrangement ■■, 
it JB shown in flg. 506. It consists of two insulating columns set in a 
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base-board, and supporting the eonductiug wires, between wMcli a moT- 
able stand is placed. The wires are so arranged as to slide back and 
forward in the caps of the glass columns, and a joint permits them to be 
inclined at any angle. They must also be capable of being fastened in 
any position, which may be done very easily in the manner shown in figs. 
507 and 508, in half the natural size. The piece a a, in which the wires 
slide, turns around the screw c between the heads b b. The whole may 
Fig. 5m. Fig.hm. 




be drawn tightly togetner by the screw c. The wires need not necessarily 
terminate in knobs ; they may simply be rounded off. It is very con- 
venient when they have a small opening, as seen in fig. 509, in which fine 
wires may be fastened by a binding screw ; the rings at the other end will 
always serye instead of the balls, by inverting the wires. The little 
stand need not be insulated, but it is convenient in some experiments to 
have a glass plate large enough to cover the top It is also convenient 
to have the stem made of brass, extending down through the base. 

[366] The discharging electrometer, or Lanne's meas- 
uring-jar. — To make this, select a jar holding 1 to 2 quarts, of clear, 
thin glass, and coat it to within an inch of the edge, as it will never be 
used for oljarges of high tension, and it must be so arranged that a 
discharge will take place over the edge sooner than through the glass. 
It is very advantageous to use always the same jar — the same measure of 
the charge. — for this purpose. The cover must ho fastened on, because 
the knobs must retain their relative positions unchanged. The jar, with 
its case of pasteboard, is placed on a board excavated \ of an inch to 
receive it, fig. 610; and into the same base the wooden column a, fig. 511, 
is fastened, which ends in a wooden clamp with a binding screw, of which 
a front view, half the natural size, is given in fig. 512. This clamp is 
arranged to hold a brass wire c a line in thickness, and terminating in a 
ball at one end, at any given distance from the knob of the Jar. These 
distances are marked in tenths of an inch on the wire itself. As the wire 
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may be bent, or the column a warped, the distances between the bails 
may also be measured with a pair of dividers, and the wire adjusted by 



mj 512 




a fine thread rut on it. The Wire C i« either connected with the outer 
coating of the jar by a small brass cham or still better by a strip of 
tin-foil passing down the column and along the board to the jar 

The charge of a jar or a battery is measured with Lanne s j ir by msu 
lating the jar or battery, and connecting its outer coating with the inner 
coating of Lanne's jaj, while the knob of the wire c it> placed at a very 
small distance from the knob d of the jir When the same iiumijer of 
sparks have passed over in two diffeient tases the charged lars have the 
same quantity of disguised electricity let fheir size and number be nhat 
they may. The condition of the ele(,tncal machine may also be examined 
by means of Lanne's jar, by observing how many rLvolutions are required 
to effect a discharge at different times with the same distance between the 
balls. In the same way two machines may be compared with each other, 
but only in respect to quantity. 

[26T] Experiments with the Leyden ^ax.— General obser- 
vations. A distinction mast be drawn in general between experiments 
which require electricity of high tension and those which require quantity : 
to the first class belong all mechanical effects, such as breaking throngh 
glass ; to the latter, the evolution of heat in good condactors, like the 
burning of gold-leaf between glass, etc. It is, moreover, a good plan to 
mafee every experiment which requires long-continued turning of the 
machine, with insulated jars, and connect the outer coating with the 
measuring jar, the balls of which preserve a constant interval. If the 
experimenter knows then how many discharges of the measm^ing jar are 
y to charge the larger jar sufficiently for a given purpose, he can 
! much more certainly in subsequent experiments, and loses no 
time either by a prematore discharge or by superfluons labor. The number 
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of tarns of tae crank is, on account of the variable condition of the atmo- 
sphere, and other disturbing influences, not so safe a guide. Henley's 
quadrant electrometer, fixed on the conductor, gives much more reliahle 
iadications when a known jar is sufficiently charged. It is indifferent 
whether the jars be charged with positive or negative electricity; if the 
machine affords both, choose the stronger, which is often the negative, 
since, as already mentioned, certain sources of loss do not exist on this 
side which occur on the other, e.g. the loss in passing from the rubber to 
the conductor. 

If it be necessary, for any purpose, to charge a jar with negative 
electricity and the maehine affords only positive, one has only to hold the 
jar by the knob, and let the positive electricity pass into the outer coating 
while the jar is held np in the hand, or stands on an insulated support. 
It mast, at all events, be set down on an insnlated support; if this pre- 
cantion be neglected, the charge will pass through the arm. The charge 
produced in this way is somewhat weaker than the positive charge. 

The spark always seems to go from the side on which free electricity is 
accumulated 

The interior of the jir is connected with the prime conduetoi by brass 
«ire 2 linca in thickne'^s rounded oft and bent into a hook at each end 
beveial of these wires of different lengths should be provided some of 
which may have the 1 ooks placed at iight angles to each other A cjn 
iderable loss of electncity is incuti-'d by us n^ thin wire for connecting 
the inner coating with the conductor as may easily be proved with Lanne & 
measuring jar by connecting an inaulated jar at one time by thii k and 
another time by thin wues and counting the nimber of turns which 
graduallj become necessary to cause i disehaige as the tension increases 

Chains mu t be entirely avoided for this purpose They are very suit 
ible foi connecting the outer coitings and foi connecting the outer 
coating with the d scharger ind the varnua i arts through which the 
shock IS to pass The simple bra s chiius a'^e \ for this purj ise tost 
little more than the price of the wire 

It should be remarked that the effect of the discharge ts much tn 
rtased ij bnngmq the Lnvb of the dtschaigtr suddenly neai the knob 
of the jar, as if about to strike it , this precaution la necessary when the 
force of the charge is only barely sufficient for the required purpose. 

[268] Experiments with the Leyden jar. — (i) Perfo- 
rating paper. Single cards can be perforated with very light charges. 
The card is laid against the outer coating of the jar and one knob of the 
discharger, figs. 504 and 505, held against it while the other is saddenly 
brought near the knob of the jar. To perforate several cards at once it 
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is more convenient to place them between the balls of Henley's universal 



(2) Pfifoiatiii] qlasi In this experiment elettucity of high tension 
is required It can be effected without diflicultj with a jar having only 
70 or 80 square inches of coated surface if the margin of the jar be 6 or 
8 inches wide ind the elcttncil machine give sparks 2 inehes long; 
whereas «ith less tension e with a margin only 3 or 4 inches wide, 4 
square feet of surface are not enoogh to effect it the jars in both cases 
being charged as highly as possible The glass perforated must be a pane 
of ordinary window glass at least 6 inches square otherwise the charge 
will go around it 

The 1 est plan is to wind a wire around the stem of the stand on 
Henley s dischirger iig 507 and allow one end of it to reach to the 
middle of the plate ■nhile the otiier bent into i hook is connected with 
the outer coating If the stem of the stand be of metal it is only neces- 
sary to attach the chain to it The pane of gla s is laid r n the stand, and 
one or t«o inches of its surface smeaied \\ th oil tw make it insulate 
better, 4 pomted wire sciewed 
into the rod of the discharger is 
laid on the glass opposite the 
middle tt the stand fag 513 so ^s 
to press upon the surface with fome 
force. The other end of the rod is 
connected by a chain with the knob 
of the discharger, which is held in 
the hand and laid on the knob of 
the jar. 

(3) Wood may bo perforated in 
the same way. The board ehoui 1 
be varnished on both sides. 

(4) To burst glass lubes reqnires 

a greater quantity of electricity, but i ea&ilv c&Lcted. Brass wires, bent 

into hooks at the ends, are inserted throuj,h tw3 t,orks fitting tightly into 

the ends of a green glass tube, which is filled w th water and the corks 

Fijj. 514. 




pressed in tightly, fig. 514, The ends of the tube should he contracted 
over a spirit-lamp, the corks then fit tighter, and the tube is not so apt 
to burst in driving them in. The ends of the wires are placed about 2 or 
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Fig. 516. 




3 lines apart, and tbe apparatus interpolated in a chain connecting the 
outer coating and the simple discharger. As the fragments of glass are 
sometimes thrown to a considerable distance, some arrangement most be 
made to prevent this. Even open glasses may be burst by an electrical 
spark, but a tolerably strong charge and 3 
or 4 square feet of coating are necessary to 
effect it. The arrangement is made some- 
what as shown in fig. 515. The wires are 
bent so as to hold on to the glass by their 
own elasticity, and their ends brought with- 
in 2 or 3 lines of each other. The glass is 
often broken off at the stem, unless the stem 
taper gradually. 

(5) Melting iron wire. This experi- 
ment, to succeed without powerful appara- 
tus, must be made with wire much finer 
than can be purchased. A piece of wire 
about 3 inches in length may be laid in 
nitric acid so as to project at both ends, and eaten down to the required 
fineness ; it is then washed off with water, and its thick ends fastened into 
the rods of the universal discharger. A good charge is still required to fuse 
the wire, but it may be effected with 4 to 8 square feet of coated surface. 
(S) Igniting gunpowder. Bore a hole, ^ to 1 inch in diameter and 1 
inch deep, in a block of hard wood ; introduce into the bottom of this two 
fine brass wires through holes in the 
^9- 516. sides, and let the ends of the wires be 

about 2 lines apart, fig. 516. Ponr 
powder in loosely and press a tolerably 
tightly fitting cork directly upon it. 
Tie a piece of ordinary twine, 3 to 5 
inches long, and thoroughly moistened, 
to one of the wires, and attach the chain of the discharger to this ; this 
interruption is not necessary on the other wire. Without ttiia precaution 
the experiment will not succeed. The charge required is about the same 
as in No. 4. 

Gun-cotton may be ignited in the same way, with about \ the charge 
necessary for gunpowder. The cotton must be placed between the end 
of the wires. This experiment may be made with the weakest machmes 
(X) Melting gold on glass. Have a strip of gold-leaf laid on a piece 
of even glass, as in fig. 517. This may be done by laying the glass, 
previously moistened with the breath, on the edge of a leaf of gold, antl 
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drawing a riirht ahaip clean, dry knife along the edge of the glas 
excess uf gold leaf is then cut away from the glass. The glass is 
covered with another similar piece and laid between two strips of felt, one 
of which Is coated it both ends with tin-foil extending to the glass. The 
Fig 51T Kg. 518. 




strips are tliHU tied tirmly together or ciewtd up in the little press, fig. 
518 This piess consists of two boarls ini four wooden ^crcw which 
serve at the same time as feet , the female screw is cut in the upper board. 
Strips of tin-foil a are pasted on opposite sides of one of the boards ex- 
tending some distance over the inner snrface, and wire hooks are driven 
in through them. The coated ends of the felt are laid on these strips and 
the screws drawn moderately tight The apparatus is intercalated in the 
chain connected with the outer cnat of the Jar. The glass is generally 
Bhivered and the gold purple is bnrnt into it This experiment does not 
require so strong a charge as to ignite gunpowder. 

(8) Combustion of inetalUc ribbons. Wires of other metals than 
iron and platina can only be fused with powerful machines and large 
batteries ; but a strip of fine tin-foil, abont ^ line wide, makes an experi- 
ment which is succe^ful even with a feeble apparatus. A strip of this 
width, and an inch or two long, fastened between the rods of the universal 
discharger, is burnt by the electric spark, and the oxide forms a light 
white cloud. The metallic coating on genuine and imitation gold and 
silver paper may be burnt in the same way; false gold paper requires a 
rather sti'onger charge. If the strips are inclosed between strips of white 
paper in the little press, fig. 518, so as to touch the slips of tin-foil, they 
will leave colored streaks on the paper. SimUar but broader streaks 
are made when fine wires are melted between the points of Henley's dis- 
charger over a sheet of paper. 

(9) Igniting resin. Pulverize resin finely and mix it intimately 
through a wad of cotton, the size of a walnut, by rolling the cotton in the 
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powder picking it to pieces and rolling it togetlier afjaiii repeatedly. 
Lay a bill m a flat metallic capsule on the atind of the universal dis- 
charger conne:-ted with the outer o jating of the Leyden jar, and place 
the ball of one of the rods of the dis- 
^' I ^^^ charger fo ai to stand 1 or 2 liaes aboTO 

the cotton. If the discharger have no 
ball on the end of the rod, a small ball 
with a bent wire should be screwed into 
it as seen in fi^ 51&, the chain of the 
oidinary dibchaigei is then connected 
with the rod, and the charge passed 
through the cotton A much lighter 
charge is requued than to ignite gun- 
ponder 

If the cotton be wrapped aiound the 
viKk of a TV as candle placed between 
the knob-i of Henlej's diichar^er, the 
candle may be lighted by the spark 

(10) A lighted candle placed between the knobs of the dischaiger mil 
be extinguished by the shock, one just e\tiiiguiihed will be leh^hted by 
a very strong charge. 

(11) The thunder house Make a little wooden tower a a, fltf 520, 
with a movable pointed roof, thTouf,h which the wire f rf, termimting lu 

F ! 20 Fig 521 Ftfj 523 






r-^ 



little knobs at both ends, extends downward to within a short distance 
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from the capsule e failed witli ileohol or ether which is connected by 
the wire F with the outer coat ng of a jar 4. slight charge is anfiicient 
to infiame the contents of the cif sale 

An electrical p sto! of tin may be placed lu the bottom sf i similar 
tower, the roof of which will be blown oft by the discharge hg o21 If 
the tower be provided with i mnluctor nell connected at a and b fig 
522, the two parts of which fat with alight friction into eich other it the 
bend, as seen in fig 23 the csplosiTc gas will not be ignited if the con 
ductor is good enough to carry off a si ght charge If however t o 
thin a wire be mseited between a and b the charge will be divided and 
the gas will be fared The chain of the hscl aiger shouli be attachel to 
the wire at the apex of the roof The p ttol should n t hoU much gas 
This experiment s e-^pccially instinctive for the theory ot the lightning 
rod. It may be peiformed more iiraply without the towei thp cundntor 
Fi<l. 533. Fj 524 



Fig. 525. 




of which IS tiouUesome on account of the roof being blown off, by fasten- 
ing to one limb of the discharger two wires a b, fig. 634, one of which is 
connected with the knob of the pistol, and the other directly with the 
outer coating of the jar, the pistol itself being also connected with this. 
If the wire b be thick enough, the charge all passes through it, but if it be 
too slender, a part of the charge will pass through the other wire and 
discharge the pistol This wire should be short and kept stretched during 
the discharge, to insure a good connection. The striking distance within 
the pistol must not be too short, 

(12) The electrical mortar. In a cylinder of boxwood, shown in fig, 
525, of ^ the real size, bore a hole, with a hemispherical enlargement 
above, to receive a ball of ivory, wood, or elder-pith which lies loosely in 
it so as to close the mouth of the tnbe entirely. Pass two wires, about 
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1 lino in thickness, Into the cavity, about the middle of its length, aad 
insert them in the connection between the inner and the outer coatings. 
The ball will be thrown out with more or less force according to its 
weight and the strength of the charge. This very instructive experiment 
Bncceeda with a very moderate charge, if the ball be of pith. 

(13) Physiological effects. To give the shock to a number of persons, 
let them join hands, and the first one taking hold of the chain connected 
with the outer coating of the jar, let the last touch the knob of the jar 
with a wire ending in a knob. The chain mast be of considerable length, 
80 that the jar will not be jerked over. The greater the number of per- 
sons, the heavier the charge must be. The effect is diminished somewhat 
toward the middle of the row, because a portion of the charge goes 
through the floor. For this reason one should beware of appi'oaching too 
near to the parts connected with the inner coating of a heavily charged 
jar when separated from the outer coating only by a small space of the 
floor The effect of the shock upon men is exceedingly variable, according 
to their constitution The effect of a certain charge npon ourselves 
should always be known before giving the shock to others; \ery unpleas- 
ant effects might otherwise be produced. One has involuntary oppor- 
tunities enough to gain such experience, so that the precaution is only 
necessary with machines and jars whose power is not known 

In order to make the experiment of killing animals by an electrical 
shock, the extremity of the vertebral column must be connected with the 
outer coating of the jar, and one knob of the discharger laid on the head 
of the animal, while the other is suddenly brought near the knob of the 
jar, so as to pass the charge through the brain and spinal manow. 
Cats and other animals of this size can only be killed by a powerful appa- 
ratus. Birds are killed more easily, if it be deemed necessary to make 
such esperiments at all. 

(14) Tl following experiment is interesting as illustrating the action 
of th a] I ratns for giving shocks by gilvamsm, and its connection with 
the ply logical effects of the Loyden jar Set the knobs of Lanne's 
m asu ng jar, about ^ to ^ millimeter apart, and place the person who is 
to e the shock, or a whole row of persons, in communication with 
the outer coating of the jar on one side, and with the wire c, fig. 511, on 
the other side, having first interrupted the connection of the wire with 
the outer coating. A single discharge of the jti will scarcely be per- 
ceived, but if the discharge be turned rapidly, numerous discharges sacceed 
each other at exceedingly minute intervals and the efiect is the same as is 
produced by an induction apparatus with the lightning wheel. 

(15) To show the effect of the electncal current from the Leyden jar 
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on the magnetic needle, pass the charge through a multiplier of very 
long, fine wire, (at least 300 turns,) interposing several inches of wet 
hempen twine iu the circuit. It needs only a moderate charge. 

(16) To magnelize steel by an electrical shock, coil fine, well- wrapped 
wire closely around a small glass tube, 2 or 3 inches long, and varnish it ; 
solder to each end a piece of thicker wire bent to a hook. Lay a piece of 
st«el knitting-needle, the length of the tube, inside of it, and pass the 
charge from ajar through the wire. If the charge be not too strong, the 
needle will have its north pole where it should be according to Ampere's 
theory. With a stronger charge, variations will occur, which cannot 
be explained in this place. 

(IT) Induction by the Let/den jar. Have two circular boards made, 
10 inches in diameter and 1 to 1^ inches thick; they should be made of 
two or three thinner pieces glued together so as not to warp, and turned 
round on the lathe, and planed even on one side. On the even side cut 
concentric grooves, ^ inch deep and ^ inch apart, and connect thom so as 
to form a spiral, as shown in flg. 526. The grooves must be cut symme- 
trically in botl boards, eo as to fit together when laid upon each other. 
Fig. 526. 







Varnish the grooves an 1 In ■ p]'i i wir* non' J mi hmeters thick, m 
them, and fasten it dowi wii i 'I'lK plll^ (Iini.ii in vl iiting Pass one 
end of the wire through the board neai the middle, and bring it toward 
the edge on the outside ; carry the other end of the spiral over the inner 
surface so that the two ends will come near together and fasten both 
firmly by driving in staples Then fill the grooves with resin or shellac 
melted in with a hot iron, so as to projeit above the snrfate of the board 
Smooth off the surfaces clean and vtrnish the boards with shellac, which 
will impart a gloss to the resin also Furnish one of the boards with 



d by Google 



302 PHYSICAL EXPERIMENTATION. 

three low feet, and the other with a knoh to serve as a handle. They 
need not be insulated, except for esperiments where measurements are to 
be made, and then only the lower one. Even the laying the wires in 
resin might perhaps be dispensed with; at all events, I have hitherto 
used such a coating for one disk only. The experiment is made ljy lay- 
ing a plate of glass between the boards, bringing the two ends of one 
spiral near together, and discharging a jar through the spiral in the other 
disk. At each discharge a spark will he seen to pass between the ends 
of the other wire. If a person complete the circuit of the second wire, 
he will receive feeble shocks. It is desirable, though not necessary, to 
make the connections with blndmg screws. Fig. TiSY shows the apparatus 
complete. 

Fig. 527. 




(IS) 'rtloio discharge fif a Leydi n jar. This experiment is very well 
adapted to illustrate the action of points. Attach a chain to the outer 
coating of the jar and hold the end with a fine needle between the thumb 
and fore finger Prcent the point cf the needle to tlie knob of the jar: 
It will be gradually dist hailed and the point of the needle will be lumin- 
ous in the dark 

(ll) Electrical breath images Upon a small stand lay a coin, and 
upon this 1 piece of common window glass wiped clean, and upon this a 
second com exactly covering the first Place the end of a wire bent into 
a ring under the lower com and bend the other end of the wire over 
toward the other com so that lU ring will stand about a line from it. 
Set the stand uudei the conductor of the electrical machine and let a chain 
hang down to the coin As tlie machine is turned, discharges of the 
little apparatus will take place in quick succession. After several hundred 
such discharges tike the little apparatus apart, and the glass, when 
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breathed on, will show the impressions of both coins. These images are 
often visible when the glass is breathed on, after the lapse of many months 
and after being repeatedly wiped. 

[269] The electropllorus. — This ia generally made at home. 
The mould may be made either of wood or tin. In the first case, a 
wooden rim is tacked to a round disk of dry wood, so as to project about 
^ inch above the bottom ; the whole mould is then covered, inside and 
out, with false gilt paper or tin-foil. Tin moulds are much more easily 
bent than wood, and tliey expand more by heat, causing the cake of resin 
to crack in every direction. Wood expands most from moisture, espe- 
cially in the direction perpendicular to the fibers, but this may he pre- 
vented in great part by selecting well-seasoned wood, and coaling it 
thickly with hot oil varnish ; it may warp somewhat during this process, 
but should bo planed off even and varnished again. 

The materials usually prescribed for the resin cake consist of various 
mixtures of shellac, pitch, wax, rosin, turpentine, etc. It is very doubtful 
whetiier the proportions of these are the resnlt of extensive experience, 
and the ingredients are in themselves incompatible. What good can tar- 
pentine, rosin, and pitch do together, since rosin is only pitch freed from its 
oil of turpentine, and of itself a brittle substance? Shellac is unquestion- 
ably the most suitable substance, and needs only an admixture to render 
it less brittle. This is effected completely by a mixture of 5 parts shellv 
with 1 part of wax, and 1 of pitch; 5 shellac with 1 wax oi "i to 10 
shellac and 1 pitch would probably answer as well The mixture given 
above certainly furnishes a mass which is not brittle and very electrical 

The materials should be melted in a shallow earthen pot or a brazen 
pan, and the more fusible ingredients melted first over a gentle equable 
heat: the shellac may then be added in successive portion', increasini; the 
heat gradually and stirring constantly, waiting until each portion of shellac 
has become at least pasty before adding more. By exposing the shellac 
to the heat too suddenly, it assumes an almost infusible condition 

Before filling the mould it should be slightiy warmed so that the mass 
may not cool too rapidly, and set level. It mnst be filled t > tl e brim 
It is not easy to prevent the formation of bubble^ on the suriice but 
they occur mostly around the edge, and may be removed by holding a red 
hot iron over them and melting them down, so that the projection disap 
pears and they form only shallow cavities with a rounded margin bach 
spots do no other injury than diminishing the surface ot the electrc phoi us 
Instead of melting down the bubbles, they may be p^^cd oft ^iith a fharp 
tool. 

Such an electrophorus soon becomes cracked, on account of the unequal 
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expansion of the form and tlie resin : those made of wood craclt in the 
direction of the fibers of the wood ; the tin ones, in every direction. So 
long as the craclis are not too numerous they do not render the instru- 
ment worthless, though they impair its effect. When its action becomes 
too feeble, it must be melted over again, which may be done by passing a 
mass of red-hot iron over it, within an inch of the surface. A plowshare 
answers the purpose very well ; or a piece of sheet iron larger than the 
form may be held about an inch above it, and coals heaped upon it. 
Care must be taken not to soil the surface with ashes. Bubbles often 
form during the fusion, and must be removed as before directed. 

These difficulties may be avoided by having the cake of resin free, and 
without a case; when in use it may be laid on a smooth board coaled 
with tin-foil. The mould for such a cake may be made of paper. Both 
sides of the cake are afterwards to be ground smooth with sand and water 
on a stone or plate of glass, using very fine sand at last. It may be 
polished with a strip of felt tacked to a board, and Tripoli and water ; but 
this is not necessary. The edges may be rounded with a knife and file. 
Th i tbl mayb g nd away 1 t th perfluous labor; turn the 

la 1 wh h w b ath a t g bovo for use. Tlie surface 

f th Q n d b p f tly e d 1 t,hly polished only when the 

1 t ph q It t t 1 t ty for weeks together even 

wh n d 

S b an lect j h s h uld b k pt ly „ horizontally on a board, 
otherwise it may bend by its own weight in the heat of summer. 

Gutta-percha has not kept its reputation as a material for the electro- 
phorjslong: it becomes crumbly; gutta-percha paper falls to rags, and 
an electrophoms made of it furnishes from the outset less and less electri- 
city continually, and may under certain circumstances even yield positive 
electricity. 

In respect to the size of the eloctrophorus one must be moderate. Its 
effect is always feebie, and especially so in charging a jar, even when its 
striking distance is considerable. An electrophorus 10 to 15 inches in 
diameter, will answer any reasonable demands. One with a 2-inch plate 
will yield sparks ^ an inch in length. 

The cover of the electrophorus should be 2 to 4 inches less in diameter 
than the cake of resin. It is made either of a smooth plate of metal 
(zinc is the clieapest) with an upturned rim soldered on, or of a disk of 
well-seasoned wood, ^ an inch thick, well-rounded at the edges, and 
coated with tin-foil The simplest insulating handle is three silken cords. 

The electrophorus is excited by beating it with a foxtail, or a catskin 
held by the four paws and made to glide over the cake at every stroke. 
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In winter the electrophorus must be warmed before any electricity can 
be obtained from it. When the cake gives little sparks to the knaekle, 
it is snfSciently electrical. In laying on or removing the cover, it must be 
held parallel to the cake, and should be touched with the finger after 
laying it on, upon which it will emit a small spark. By touchiog the 
cover and case with the thumb and finger at the same time a shock will 
be felt, and this takes place also when the case is touched with one finger 
and the raised cover with the other. 

The electrical condition of the cover may be ascertained by placing the 
electroscope of the upper plate, fig. 499, upon it, and making a trial with 
a stick of se I g w T t t th lect ty f tl t m y I 

lated. Itmybd m adlyhw ththglllflt 

meter, flg. 4 by w th pi t f th d t 1 f tl 

upper knob 1 1 y g t k f 1 ttl 1 g th th pi t 

If this cake 1 t k g tly w th mall p f tsk th g U 1 

will diverg and th q 1 ty f th It ty m y b t d by 

bringing atkfiw thiwkihh td 

with the b t w Th d 1 j 1 t m y b d th 

cover of the 1 t 1 h If th pi t b t h d th g Id I t !1 

together, bi t th y 1 g wh th k t k ft th 

cover laid o If th bid th t t h g th pi t th 

leaves will f 11 Th 1 t 1 d t f th d 1 1 t 1 as 

cover, may b tgtdlymprt It tyfmtbym fth 

trial plate, hg 461 t ec 1 1 t m t t g t th th 

by an insnl td Blbg Itmt thbt f 

this purpos 

Although Itjh my Ijlmlt pk h 

long from it tli i t ty I y 11 d th h g g f 

small jars i d y I ly w th t Th f 1 m t 1 j h f 

electricity my th ! 1 11 ah w th th h [ pp t Th 

electrical chmmyb t mt byhld^thkbfthlgd 
jar against it. To charge a jar with negative electricity, it must be held 
by the knob, as already explained in § 261. 

[270] Lichtenberg'S figures. — These are produced in the follow- 
ing simple manner: Describe any figure upon a cake of resin, with the 
knob of a positively, or moderately negatively charged jar, held by the 
outer coating; dast semen lyeopodii over it from a gauze bag, and blow 
away with a fan, or the breath, what does not adhere. The figures are 
very permanent; they show themselves again after the surface has been 
freed from all dust, and dusted over again. Flowers of sulphur may 
be used instead of lycopodinm ; both attach themselves equally to positive 
20 
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and negative figures. If red-lead be strewed over the surface, a positive 
fignre only becomes visible by wiping tlie dust off it ; it then shows black on 
a red gronnd. If positive and negative figures be drawn on the same sur- 
face, and red-lead and flowers of sulphur strewed over it at the same time, 
the latter sticks chiefly to the positive figures, and the former to the negative 



Mg, 528. 



This experiment does not succeed 
well on an old, long-used surface ; 
it must be melted over, at least 
snperflcially. To make small figures, 
it is best to melt the resin on a sheet 
of tin, upon which it can quickly be 
re melted after each experiment. 
The mass need not be over ^ a line 
thick, and impure rosin answers best, 
being less brittle, but the experiment 
will succeed with any resin. 

[2T1] The condenser.— This 

indispensable instrument is attached 
immediately to an electrometer. For 
the sake of convenience, the lower 
plate should be capable of being 
screwed on any of the various elec- 
trometers, instead of the knob, lig. 
528. Take for this purpose brass 
plates, about a line in thickness and 
2 inches in diameter. It is very 
unadvisable to make the plates only 
an inch in diameter, as is commonly 
the case in those purchased in the 
shops, since the effect increases in 
much greater ratio than the surface. 
In galvanic experiments, smaller 
plates will also be needed. On one 
plate solder a brass socket to receive 
a glass rod, 3 to 4 inches long ; on 
the other solder a small plate, in 
which a female screw is cut to fit 
the thread of all the electrometers. 
Fig. 529 shows this plate and the 
stem of the electrometer. Turn off 
the plates smootb and grind them on a piece of plate glass with emery; 
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polish them finally with fine pumice powder and water on the lathe, to 
give them a metallic Inster and circular streak. The edge must also be 
rounded on the lathe. When the plates are too thin, they are very hard 
to grind even, because the outer edge hends np continually ; such plates 
should be supported during the grinding and turning by cementing them 
to a block of wood of the same size, which will serve also as a handle in 
grinding. 

Especial care must be bestowed on varnishing the plates. A coat of 
moderate thickness, which is generally snfEcient, may be applied on the 
lathe. When a thicker coating is required, it is better not to warm the 
plates previously, for it is very difficult to lay a coat of varnish evenly on 
a heated surface : lay the plates level and brush them over with a toler- 
ably concentrated solution of shellac, which has, in this way, time to spread 
itself uniformly over the surface of the plate. The varnish becomes 
glossy when dry. A second coat may be applied in the same way, with- 
out disturbing the first. A piece of fine sponge is more suitable for 
varnishing than a brush. The varnish on the plates of the condenser 
must never be too thin. 

If the edges and upper surface be Fig. 530. 

varnished, it should be done previously, 
and the varnish applied warm. A 
conducting wire with a rounded end 
must, in this case, be screwed into the 
edge of the plate and left unvarnished, 
fig. 530. It is convenient to have such 
wires on both plates ; they need not be 
more than 1 or 2 millimeters thick. Tbey are desirable because their 
ends can easily be cleaned with a file, which is not so easy with the plates, 
which are soon soiled hy contact with the fingers, often purposely wet, 
and both their appearance and efl'eet is injured thereby. On the other 
hand, the wires have the disadvantage that they are in the way and apt 
to cause a displacement of the plates. A good condenser should retain 
a weak charge at least 12 hours in good weather. 

Condenser plates of copper and zinc are needed in galvanic experiments; 
it may therefore be as well at once to make one plate of copper and the 
other of zinc, and to make the rods also of the same material, as it is 
immaterial in other experiments what kind of metal is used. In this 
case, however, both plates must have female screws. The handle is made 
of a glass tube sealed at one end; a wire furnished with a screw is 
cemented into the other. The whole tube should be filled with bits of 
sealing-wax and heated over a lamp so as to coat the inside entirely. 
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The npper piate must always be held pai-allel to the lovier une m lift nt, 
itofif. 

In charging one plate, the other mnst always be touched with a con 
ductor. Other precautions will be mentJoned when deicribiDn eiperimenta 
on galvanism. 

When the Tarnish of a condenser once becomes electrical it often 
remains in this condition for days together, and causes annoying errors 
The speediest remedy is to pass the plate a few times through the flame 
of a spirit-lamp. If this does not remedy it, and the condenser is to be 
used at once, the varnish must be washed off with altohol and freshly 
applied: the electrical condition disappears of itself after anhde It 
will be seen whether the condenser has any charge, by noticing whether the 
leaves diverge when the cover is touched with a conductor and then lilted 
off. In using tho condenser, never fail to test it in this wai 

In experimenting with very feeble electricity, it is often necLsairy to use 
two condensers, in the following way : the first is charged fiom the louice 
of electricity, the plates separated, and the npper oi unier plate of the 
second electrometer touched with the upper plate of the second and this 
process repeated from 6 to 10 times. Any less delicate electrometer may 
be used as a stand for the first condenser. The old instruments tilled 
duplicators are no longer used. 

(c.) EXPERIMENTS ON ELECTRICAL LIGHT, AND ELECTRI- 
CITY BY HEAT AND PRESSURE. 

[212] Experiments in the dark. — (l) The lighlning tube. Take 
a glass tube, ^ to 1 inch in diameter, fit it at one end with a wooden plug 
with a hemispherical head covered with tin-foil, and beginning at this 
paste little diamond -shaped bita of foil, with the points about 1 milhmeter 
apart, in a spiral down the tube, fig. 531. This tube is taken in the hand, 
and held near enough to the conductor to draw copious sparks, which are 
repeated at every interruption in the spiral. To prevent the bits of tin- 
foil from scaling off the tnbe may be set inside of another to which the 
knob and handle are htted 

(2) Illuminated Jiyut ts. Fix a knob of wood, covered with tin-foil, 
to the edge of a pane of glass by sticking tlie glass in an incision in the 
wood and from this as a starting-point describe any figure by pasting on 
bits of tin-foil as already described. The portions not designed to be illu- 
minated are made with strips of foil. A larger strip leads to the opposite 
edge of the glass where it is held in the hand. As the spark overleaps a 
considerable space on the plate, the lines of the figure or name must be 
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drawn at some distance apart, and part of the circuit made on the other 
side of the glass. The dark-shaded parts in fig. 532 are made on the other 
side of the glass. 
J-,. .^ (3) Coat & pane of glass on both j-^ r,-,, 

sides with tin-foil, to within 2 inches 

of the edge, and blacken one coating 

with indian-ink. Cut this coatinjr, 

when quite dry, into little lozetipe- 

shaped pieces, by catting out vtrj- 

narrow strips of t!ie foil. Make the 

cuts with, a sharp knife and a ruler, 

and peel off the strips. In tlie middle 
- of the glass, on the same side, cement 

a little disk of tin with a ring in it. Lay the pane on the table, 

and connect the conductor of the machine with the ring, and 
I the uncut coating with the discharger. While the plate is 

being charged, zigzag flashes of light will dart over the cut 

surface, and when the discharger is brougiit near the conductor 

and the apparatus discharged, the whole surface will be covered 

with flashes of light going in a zigzag direction toward the 

ring. 

The pane of glass is usually set in a dull-black wooden frame, 

and the uncoated margin covered with black paper. A strip 
of tin-foil pasted to the back coating connects it with a hook driven into 
the edge of the frame, to which a chain may be fastened. 

(4) BrusJies of light. To observe the brush of light from the positive, 
or the stars from the negative conductor, it must end in a small ball, 2 or 
3 lines in diameter, near which the hand or an even metallic surface is 
held. Wires with rounded ends, successively less in diameter, may be used 
instead of the ball. The brush may also be obtained, with some modifi- 
cation, by holding the little ball or the ronnded wires in the hand near 
the conductor. These phenomena are only exhibited by machines of con- 
siderable power, and the less the striking distance, the smaller must be 
the wire used. 

(5) Experiments in vacuo. The simplest experiment of this kind is 
made with the tube described for the guinea and feather experiment, § 102 
(26,) The experimenter has only to hold it in the hand, and allow sparks 
to pass to it from the conductor; they fill the whole tube with a bluish 
light. With feeble machines, the tube must be grasped near to the end 
next the conductor ; the light of course only reaches to the hand. 

The experiment may be varied, by laying on the plate of the wr-pump 
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(when of glass) a metallic plate connected with the body of the air-pump, 
and covering it with a bell-glasa provided with a stuffing-box. Variona 
devices, snch as stars, balls, etc. , may be screwed to the rod of the latter, to 
vary the form of the light which streams through the bell. In making this 
experiment, the experimenter must be sure that the bell-glass does not 
conduct electricity; and with this view warm it before use and rub it 
dry with blotting-paper. A 
glass vase, such as is shown 
in fig. 533, maiea a very 
beautiful experiment, 

A double barometer, con- 
structed as in fig. 534, may 
be made luminous, by con- 
necting one cup with the 
conductor and the other with 
the ground. 

(6) If a piece of fluor spar 
Ijg placed between the rods 
of Henley's discharger, and 
1 vi£;oroua &hock passed 
through It, a feebly lumin- 
ous stieak will be visible on 
the fluor spar but it disap 
peart, in a few seconds A 
piece of white sugar |to 1 
mch m diameter, will show a 
'iimdir appearance An 
orange may aUo be made 
feebly luminous between the 
points of the discharger 

[313] Electricity of 
tourmaliu. — The electri- 
cal properties of tourmalin 
may be exhibited very easily, 
by lianging a piece, about an inch long, (which may, however, be very 
thin,) by a silk string, and then warming it bj holding a piece of sheet 
iron ^ to ^ an inch below it, and heating the iron with a spirit lamp 
The kind of electricity may be tested with a stick of sealing wax lubbed 
on one end. The electrical condition is often less evident during the 
warming, on account of the ascending current of air , but during the cool 
ing it is always very marked and distinct: the effect of the sealing wax is 
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felt at a considerable distance. Many other crystals become electrical 
by warming, but none of them show the property so easily as tourmalin. 

[3U] Electricity of calcareous spar. — Caic spar be- 
comes positively electrical by being pressed, for a few seconds, between 
the fingers, and retains its electricity a 
long time. This is shown most easily ^'J- ^35. 

by bending a narrow strip of tin like 
a b c, fig. 535, and making a little de- 
pression at b with a punch. At a 
cement a thread of shellac about the 
thiclrness of fine twine ; on the end of 

the shellac cement a fragment of calcareous spar with wax, and set the 
apparatus on the little pivot, fig. 535. It may be balanced by a little 
wax at c. Press the spar between the fingers before setting it on the 
needle : it will be briskly repelled by an eseited glass rod. Some other 
crystals exhibit the same phen* 



(d.) EXPERIMENTS ON GALVANISM, (CONTACT ELECTRICITY,) 
AND THE ACTION OF THE GALVANIC PILE, 

[215] The frog experiment. — Take a living frog, stun him by 
a blow upon the head, cut him in two iu the middle with a pair of shears 
or a sharp knife, remove the entrails from the hinder portion, and strip 
oifthe skm the neryes which ssuefiom the lower end of the spinal column 
can tl en be seen very distinctly, and mnst be dissected clean from the 
surrounding cellular tissue with a sharp knife Ttiuat a strip of clean 
brass foil under the nerves anl la} the piepaiition on a glass plate 
Muscular twitchings ensue whenever the biaas plate and the muscles of 
the le^ are touched with a bent iron wiie, oi i stiip of zmc The piep 
araticn may al o be hun^, up 1 r a silk string and a brass hook thrust 
undei the nerves 

[276] Tile fundamental experiments.— i or these e-jpen 

ments, a plate of copper and anothei of zinc are needed and one of 
copper and zinc soldered together The first pair of plates must be made 
of metal about 1 line in thickne<!s Zinc plito of this thickness is not 
usually sold in the shops, it mnst be ordered specially, it is so often 
necessary for the construction of galvanic apparatus, that it will be well 
to have a few square feet of it on hand It ]s convenient to have these 
plates of the same diameter as the plates of the condenser; they may then 
b,e used as top plates for the condenser when the other plate is well 
varnished. They ought in this case to have a socket soldered with tin to 
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the back, Id which a female screw is ent with the same thread which all the 

electrometers have, fig. 536. They mnst have insulating handles ; but if 

Fiq 536 ^^^ ^^^ ^°^ ^ ^^ screwed on the electrometers, 

^^ff^f^ simple sticks of sealing-wax melted on to the 

tiF ii -nm-. . ■ '^-g . wV 1 - -^ a ],o| p]j,j-g ypjji answer the pnrpose. It would 

be neater, however, to solder to the back brasa 

sockets, and cement into them glass tubes closed at oae end, fig. 531. 

If they are arranged for screwing in, the tube should have a brass wire 

cemented into it with a screw to fit 



Fig. 53T 



Fig. 538. 




the plate, or the glass tube may be 
cemented into a cap on which the 
screw IS cut, as m fig. 538. The 
edges of the plates mnst be well 
rounded, and one surface made even 
with a file and straight-edge, and 
then ground on plate glass. The 
soldenng on the back must be done 
befote the grmding, aa it mightcanse 
the plates to warp; for the same 
reason it is well to cement them to 
a block of wood while grinding. 
The back is fin *lly cleaned and 
varnished. Zinc is easily worked 
on the lathe, but an even surface can 
be given to copper only with a file moistened with oil, or with a tool 
fiaed in a rest. The ground side and the edge must have a clean 
metallic surface when used. Without these precautions, the funda.mental 
experiments are very likely to fail, because the contaet surfaces are either 
not even or not clean. The surface may always be cleaned by strewing 
finely powdered pumice on clean paper resting on an even surface, and 
rubbing the plates upon this. The adherent powder is removed with a 
feather The surfaces become soiled, even when the plates are kept wrapped 
np in paper, and it is, therefore, advisable to clean them as directed, each 
time before nsing them When in use, they must on no account be rubbed 
together, because the copper plate immediately becomes contaminated 
with zinc, which disturbs their action. When the apparatus is brought 
into a room already occupied for some time by a numerous audience, 
especially in winter, these eiperiments, as well as all experiments with 
condensers, are apt to fail, and attention must be paid to this faet. 

The compound plate of zmc and copper is made in the shape of fig. 
539; part of the edge must be cleaned with a file or scraper before using it. 
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The experiments admit of many modiflcations, of which only the most 
important can be described. 

(1) Lay the insnlated zinc and copper plates Fig. 539. 
together, and separate them again, lieeping them g s z ^^ 
parallel. Bring one of them in contact with the I tjlff""^ 

lower plate of the condenser, while the finger ' 1-'.- ':..l!WB 

is held on the cover, discharge the other plate 

also bj touching it, and lay the two together again, etc. At each sepa- 
ration, an adhesion will be felt if the plates are good. After from 5 to 
20 repetitions of this process, remove the cover of the condenser, and the 
electrometer will show the electricity commnnicated to it. To prevent 
deception by the electricity of the hnman body, a condncting wire of the 
same metal may be attached to the wire projecting from the cover, fig. 5S0, 
and pushed off with a glass rod when the electrometer is cliarged. If the 
condenser be touched with the copper plate, the former may be made of 
brass ; bnt for contact with the zinc plato, the base of the condenser must 
also be of zinc. As it is more convenient to change the cover than the 
base, the cover may be made of zinc, and the electricity of the zinc plate 
communicated to it; but in this case the electrometer indicates the con- 
trary electricity on raising the cover. 

With plates of 2 inches diameter and upwards, and a goJd-leaf electro- 
meter, no condenser is needed; the gold leaves diverge more and more 
perceptibly when the contact is repeated a few times. This is especially 
easy with Andriessen's electrometer, fig. 464, by touching the knob con- 
nected with the gold leaves with one plate, and that connected with tho 
curved wire with the other. With a delicate Bohnenberger's electro- 
m t a gl contact is sufficient. The same is true with Dellmann's 
1 t m t fii'. 455. This leads to the second mode of making the 
X| m nt When the condenser itself is made of zine and copper plates, 
t u h th b and the cover each with the tike metal, and repeat this 
1 1 m thout touching either the condenser or the exciting plates 
th th fin s. This experiment gives the most decided results, and 
cc J tl gh less certainly, even when the condenser is of brass. 

(2) & ne of the plates on the condenser and lay the other upon 
t Wh the npper plate is raised by the insulated handle, the 

electrometer will indicate tho electricity of the lower plate. This experi- 
ment serves at the same time to show the condition of the electricity 
during the contact: it requires plates at least 2 to 3 inches in dianieter. 

This experiment requires a very sensitive electrometer, and will hardly 
succeed with a simple gold-leaf electrometer; whereas the former experi- 
ment is easier, because a double condensation occurs, and gives surer and 
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m d d d It Bj g tb e; 111 f 1 t t w tli th 
It w fig 4 1 mp t g 1 tn ty t th 1 tt th t th 

fe Id 1 d g f m 1 d 1 tn ty d th ft t h f, tli 

pi t d t t I y g th PI pi t 1 g t tl 

1 d m h d d ff f tl g !rl 1 11 d t th 

It ty W th D 11m 1 t m t It ty fit p t d t 

th d t ft tl t pi t t th tth 11 p 11 d 

b t 1 ttl By m g pi t th pi w 11 b d 

d in lah d 1 t th k d f 1 t ty m] t d d th pi f 

1 h 1 A 1 1 te 1 t t tl Z mb pi th 

1 1 t f 11 f tl p 1 t ly y t lit 

d m k th I m t th t f tl p p rat 
( ) T h th b p t f th d th I n is 

I J. h Id tl h d t h th I t f th I th 

p f th m w y h 1 th th p] t t h 1 w th th 

ft If th d p f tly t 1 b f t 11 1 

1 t ty t th t t B t t h th b ] t f tl d 

With th z e p t w th b as pj d 1 t ty 11 b 

mftlFthl ylltltrnt qdi 

distnibanceB may be caused by cootact with the fiOoet--. 

(4) T 1 th th i th t ] ftl d th if 
th mp 1 yl t fig 539 1 11 g th th d 1 d d 
t h g th 1 w tl th th h d Th d h Id th h d 
mtb fdft tmtlfmthptfth d t hd thth 

th dTh tt dtb t dlf,btth f 

t t m t b I A ly gl 1 t t k 1 1 th 

ffti th pmtth ^ldltlk^2d 

NSTiIat tt d mtb d( 
C 1 ) 

(5) Th t pi t d f th 1 p m t 11 1 f 
m p m t with fl d by 1 y b tw th m 1 d y th 

pi t f gl , d p d g th fl d th f f th , m t 

w th t a disk of paper laid on the glass, just the size of tlie lower 
plat If the lower plate is of zinc, connect it with the fluid for a few 
mm t by a strip of zinc bent into proper shape, which must be scraped 

I 1 time, and can be opened and shut like a clamp, by means of 

tw 1 ^-wax handles; lift the gla'.s by its projecting edge, and the 

1 t ra t r will show the negative electricity of the Kinc, if the liquid 
w d lated or pure water. This experiment is surer by using two 

1 and charging the second with the first, as already described 

The sec d condenser may be of brass. 
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It should be remarked finally, that all these experiments give certain 
results only in favorable, dry weather ; a condition which applies cqnaUy 
to all experiments on electrical tension, especially when dealing with very 
feeble electricity, as in this case. 

[211] To show that electricity is liberated likewise by contact betweea 
liquids and nietais, the chemical and mag- 
netic effects of the galvanic current may be ^' 

employed in anticipation of their full illus- 
tration. The experiment is made by mixing 
dilute nitric acid in a tambler with a little 
sniphnric acid, and placing in it an amalga- 
mated zinc plate bent over above, with a 
folded blotting-paper soaked in solution of 
iodide of potassium laid on the bend. Dip 
a platina plate, with a platina wire soldered 
to it, into the liquid, and bend the wire over 
against the paper, as in fig. 540; a brown 
spot will immediately appear on the paper 
in conseqnence of tlie separation of iodine from the compound. Pass the 
current from the platina previously through a galvanometer ; the electrical 
current will be indicated at the instant of contact with the paper by a 
corresponding deflection of the needle. 

[278] The gaivanic pile. — For actual use the form of the pile in 
galvanic apparatus is long ago obsolete ; it is, however, a standing article 
in all text-books, and valuable boll» from theoretical and historical con- 
siderations, and therefore indispensable in all collections of physical appa- 
ratus. This is the more true, because other more powerful a 
have not usually so many elements, so that they exhibit the plie 
of tension in a less marked manner than the pile. For this reason, how- 
ever, small plates may be chosen in procuring a pile, and the number of 
pairs not exceed 50 to 100. 

The single plates are cut out of sheet copper, about 1 millimeter thick, 
hammered flat, and rounded accurately with a file; and the same with the 
zinc plates. The latter must, however, be made of metal about 1 line 
thick, because they wear out faster than the copper plates, both by the 
action of the pile and by frequent cleaning. Zinc plate of this thickness 
cannot, however, be cnt easily with the shears. The best plan is, to 
divide the sheet of zinc into squares, about a line longer oa the side than 
the required diameter of the plates. Scratch in the division lines deeply 
with a steel tool, (made of a worn-out file of good stuff.) Then lay a 
drop of mercury on the beginning of one of the lines, and draw a sharp- 
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pointed stick, dipped in muriatic acid, slowly along the liae : the mercury 
will amalgamate the zinc along the track of tke stick, so that it will break 
easily in this line. This process is convenient for cntting thick zinc plate 
for any purpose. The further rounding of the plates is easily effected 
with a coarse, deep-cut file, after cutting off the corners with a chisel. 

The copper and zinc plates must now be soldered in pairs, which, 
heaides increasing the action, saves nearly half the labor in cleaning them. 
They must, however, bo soldered over the whole surface, and not merely 
around the edges. For this purpose, clean the plates on one side with 
the file and scraper, strew them with powdered rosin, or moisten them 
with sal ammoniac, or the soldering liquid, {§ 42,) then heat them, 
and when a piece of soft solder melts on them, distribute it over the 
surface with a soldering iron. From 3 to 6 such plates may be heated 
at once on a piece of sheet iron, but the copper plates must be heated 
separately, as they require more heat than the zinc. When all the 
plates are tinned in this way, strew a little rosin over their surfaces, and 
hold each pair successively in a small pair of smith's tongs over the fire 
until the solder melts, which takes place very soon, and press them 
together, to squeeze out the excess of solder ; clean the edges of the plate 
finally with a file. 

Short copper wires should be soldered to several of the couples, or 
projecting ears left on some of the plates, for the purpose of attaching 
conducting wires. These couples should be distributed at proper inter- 
vals in the pile. 

The moist conductors may be disks of woolen cloth or pasteboard, about 
2 lines less in diameter than the plates, saturated with a solution of 
sa! ammoniac or salt, or sulphuric acid diluted to ^'g. Pasteboard has the 
advantage of not being so compressible as cloth, and can, for thb reason, 
be kept moister, the liquid not being pressed ont by the weight of the 
plates. The liquid must never be allowed to trickle down the pile, and 
whenever it is seen to do so it should he wiped off with blotting-paper. 
The disks, after they are saturated with liquid, (which for pasteboard 
requires about an hour,) must be squeezed out, so that the pressure of the 
plates above will not press out any more liquid ; the upper disks can 
be made wetter than the lower ones. 

Cloth disks may be cut with the scissors by a tin pattern. Pasteboard 
becomes so tender, after repeated use with acids, as to fall to pieces ; it is 
well, therefore, to have a punch with which to cut the disks. Pasteboard 
must be selected which is easily penetrated by the liquid. 

The pile may be built up in a frame like fig. 541, in which three rods 
B B B are fastened upright in the block A, at such a distance from each 
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other as Just to inclose the platea. A barometer tube is half sunk in a 
groove on the inside of each rod, and fastened with sealiug-wax, so that 
the plates will not come in contact with p^;„ 5^1 

the wood. The rods are connected above 
by the block G C, and fastened with 
wooden pins. A wooden screw D works 
through this block, by which a moderate 
pressure can be applied to the pile. 

If one is not disposed to incnr the ex- 
pense of such a stand, a simple substitute 
may be made by cementing three barom- 
eter tubes at proper distances, into any 
block of wood ; these tubes may be held 
together above by a triangle of brass 
wire, like flg. 543. A half-pound weight 
maybe used to press down the upper plate. 

In building up the pile, lay first a 
couple of glass plates, or a disk of seal- 
ing-wax, on the base A,, so as to make a 
foundation about ^ inch thick, and on 
this lay one of the pole-pairs. The 
cloths must bo squeezed out by hand to 
the requisite degree, which is soon learned 
by experience, and the plates i^id on by 
some one with dry hands The series is 
termmtted by another of the pairs with 
coupling wires, and a disk of glass or 
sealing wix laid over ill 

The pde should be taken down imme- 
diately after use, the pasteboards laid 
out to dry, and the plates laid in water 
preparatory to cleaning them. To facili- 
tate the cleansing, drive three pegs into 
a board in a triangular position, so as to 
hold the plates fast between them with- 
out projecting above. Scrub each plate 
with a bit of wood and fine sand, and 
lay it in water until all are ready; then 
wipe them perfectly dry. Pile up the 
clean plates in the frame, laying copper on copper and 
will prevent rusting. Keep the dry pasteboards by 
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Besides the shocks given by the pile, the decomposition of water and its 
magnetic eifeeh should be shown. 

[279] Binding screws and mercury cups.— The electricity 
of the nalvinic battery being of feeble intensity, mere contact is not 
sufficient to establish a communication between the conductors, as with 
fnctional eleetr city A more intimate connection is produced by dipping 
the ends of the conductors in little cups containing mercury, or pressing 
them toeether by binding screws. 

Mercury lups may be made by simply boring in a little block of wood, 
with a center bit a hole ^ an inch deep and wide. It may be varnished 
internally with sealing-wax, bat it is not necessary. It is well to have in 
the bottom of the cup two small holes, in which to insert the ends of the 
wires, or little hooka in the side to which they can be fastened. Common 
iron thimbles set in wood answer better, especially when there are several 
cups in the same board. Each cup can then be taken out separately and 
emptied, thus avoiding a loss of mercury. This direct loss of mercury 
and the deterioration caused by the solution of the metals dipped into it, 
make mercury cups, at the present price of mercury, dearer than binding 
screws. The latter have the further advantage of allowing the whole to 
be moved without disconnecting the conductors, and not requiring the 
ends of the wires to be amalgamated. The amalgamation is effected by 
dipping the meta! into nitric or sulphuric acid and then into mercury, and 
rubbing it over the surface 

Binding screws are always preferable, except where a sudden interrup- 
tion and renewal ot the contact is required, or where the parts must have 
a motion independent of each other. 

Besides the binding screws which are attached to the various pieces of 
appaiatus a supply of separate ones must be on hand, whose shape 
depends on the special use for which they are required whether to con 
nect plate w tl plate jHte nith wi e or w res wth ea<,h other Tie 
screva s! unld be thck anl veil nade ith a moderately cl se leep 
thread Their co struct on has al eady 
been lescr bed n § oS 

To connect pUtes or r I bon mj le on 
"iciews of the form and s ze ei re entcd n 
fig 5i3 ire ised To co nett plates w U 
w res they m at have the form sho n n 
fig 6i-t the screw a holds the plate an 1 
6 tl e ^s re vl ch is thru t tl gh o e f 
the 1 oles c bored it r git angles to each 
other The holes must be large enoagh 
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to admit stout wires, and the hole for the screw muat oot be cat 

deeper thaa their apper edge. When the hole estends lower, thin wires 

are forced into it and bent and finally broken jpiq 540 p,q i^ie 

off Wires may be connected by binding screws 

like fig 545 bnt the simpler form represented 

in section and in natural size in bg "Sir is 

sufficient for all purposes Norrembergs wire 

clamps fl^B 541 and '>i8 are simpler still 

The} are made of bright haid drawn wirp I ' 

to 2 miJhmeters thick, silvered copper wiic 1 

best 

Binding sfrews de igned to remain jiermanentlj on an apparatus are 
often made in the form of fig 549 The wire from the apparatus is bent 
Mg. 541. Fig- 548. 

/ 




P 



into an ear and hammered flat, and screwed in either eXab ov c d, the 
wire from the electrometer being secured by the screw/. To save room, 
the wire and the nut e may be let into the 
Fig. 549. wood, in which case it is made in the form of 

fig. 550. The ends of the wires j-j^, 550. 
should be cleaned with a file or ,,«;-». 
scraper; the screws must be al- ^^^S 
ways turned very tight, especially \W^W 
with brass wires. The effect of 
the tight pressure becomes evident when the 
electrometers are inserted. For this reason, 
the heads of the screws should not be made 
too small. 

[380] Batteries. — Galvanic piles being 

very difficult to use, other more convenient 

arrangements have been substituted for them. 

■ are modifications of Tolta's cups. The 




Those of most common 1 
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simplest mode of arranging them, is to cast balls of zinc on copper wires, 
in a bullet mould, thea bend the wires as shown in fig. 551, and place 
them in common tumblers, so that the elasticity of the wire will hold each 
pair of glasses together. The tumblers are partly filled with the usual 
Fig. 551. 

Fig. 552. 




TWW 



exciting liquid, water acidulated with ^'^ to ^^ part sulphuric, and ^'^ to 
-Jj5 of nitric acid. Twenty or thirty pairs are sufficient to give shocks. 
Fig. 552 shows the arrangement of the apparatus. A. simple copper 
wire forms the positive pole. To determine which is the positive pole in 
any pile-like arrangement, we have only to consider the complete couples ; 
it is always on the ainc side, as in the pile. WoUaston's modification of 
this apparatus is much more convenient when greater quantity is required. 
To construct Wollaston's apparatus, cut plates of copper, ^ to 1 milli- 
meter thick, like fig. 553, with 12 to 15 square inches surface. Two 
Fig. 553. 




strips c c are left to connect each pair of plates. A narrow strip d d, of 
somewhat thicker copper, is soldered with tin to one of these. The zinc 
poles a a are made of the same size but somewhat thicker. The strips 
d d are made all of the same length, and a zinc plate soldered to one end 
of each ; one copper plate is left uncoupled, and likewise a zinc plate. 
Each pair is then bent as shown in fig. 554, and the zinc plate of the 
succeeding pair laid between the two. 

The zinc is separated from the copper by blocks of wood, represented 
in natural size, fig. 555, which are pushed under the lower edge. Two 
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similar blocks are laid above, and the copper plates tied over these by 
wires inserted Ihroogh the holes e e e e. Fig. 556 represents one of 
these elements. 

Fig. 554. Fig. 556. 




After thus combining th(, piates, eiwh pair is fastened with woodeu 
screws thiough the 'ftiip a J to a bar of oak, about 1 inch square, as 
represerted m Eg 55T It is evident that the length of the strips a b 
piuht depend on the size of the glasses. The apparatus would be more 
eon piit if the glas es were square, and oaly aboat 1 J inches wide. Ten 
Fig. 551. 




or twelve pairs are fastened to one bar, and the copper strip of the first 
copper plate and the last zinc plate thrust throngh the bar, so that con- 
ducting wires can be more conveniently attached to them. 
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The glasses are placed on a wooden staud, so that all the plates may 
be lifted at the same time and supported above the glasses. Pig. 557 
represents an arrangement of five cells. 

By connecting the first copper of one such series with the last zinc of 
another, we obtain a battery of as many pairs as there are cells; by com- 
bining the uncoupled copper plates of each series, and likewise the 
uncoupled zinc plates, we produce the same effect as with a single series 
of plates of twice the size. 

The advantage of this arrangement is, that the plates can be at once 
removed from the liquid when not in use, and thus avoid the waste of 
zinc ; and as they are all immersed simultaneonsly, the first action, which 
is the most powerful, is not lost. The power of such a battery remains 
tolerably constant after the first violent action is over. The plates should 
Fig. 558. 




be washed off with water after being used; if any further cleansing is 
necessary, the apparatus must be taken apart. 

A trough of well-glaaed earthenware, divided into cells, may be substi 
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tuted for the separate glasses. A battery of 6 to 12 pairs is made very 
corapact, and needs no stand; it is always ready for use, is easily cleaned, 
and will last for many years. 

Muench has contriyed a yery good apparatus for constant use, which 
resembles in some respects Wollaston's, and in others Faraday's arrange- 
ment. It is represented in fig. 558, and consists of 6 copper and 4 
zinc plates, set in separate grooves in two wooden frames, made to slide 
up and down on a rod. The plates dip into two glasses, in which they 
can be immersed to any depth required. The form of the plates is shown 
ill fig. 559, and each, with the exception of one zinc plate, has a atrip of 
copper soldered to it, to which binding screws may be attached. Pig. 560 
Fig. 559. Fig. 560. 



BjHH Mfl 



<^J 




shows the arrangement of the plates, the poles being at a and b. Each 
plate may be taken out separately and cleaned or amalgamated. 

[281] Hare's calorimoter. — This apparatus, even with a surface 
of only 1 or 2 square feet, gives a very powerful current for a short time. 
Its comparative cheapness and convenience are great recommendations. 
It need only be placed in the tub to produce a powerful current, and is 
easily cleaned by pouring water through it. 

A large glass jar is sufficient to contain an apparatus of moderate 
dimensions, which is constructed as follows ; The plates of zinc and 
co]iper, which are about the same thickness as for "Wollaston's elements, 
are made as wide as the depth of the jar will admit, and 3 feet long, for a 
vessel 4 inches in diameter. The copper being on the outside is made a 
little longer. Any escesa can easily be cut off with the shears. Lay 
between the sheets of zinc and copper, and upon the latter, strips of soft 
pasteboard, about 1 line thick and as long as the plates, and clamp the 
pack between two iron bars, about 1 inch wide and 3 to 5 lines thick, 
fastened by a hand-vice at each end. After heating the metal to a 
moderate degree on the side thus fastened, lieat the plates into a coil 
around the bars with a wooden mallet, which can be done by a tinner or 
coppersmith in a few minutes. The inmost turn will not he quite round, 
hut that is of no importance The pasteboard is then removed. 
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A wooden cross, fig. 561, is wedged fast to the end of a rouad bar of 
proper thickness, in the upper part of which two square holes are cat to 
receive two other smaller bars at right angles to each other. These bare 
are let into each other, and one of the holes made twice as high as the 
other to admit them; they are fastened by a wedge. The distance 
between these crosses mast be 2 or 3 lines less than the width of the coil. 

Fig. 562. 



J%f. 561 




Th s il el ee a 1 jl e n!e e p 

rood m ked g oove aeafe dc nhepae k 

I la e a^ a The pla es can at ny t me be ake aj a t o amalg r 
the z nc * The poles are fo mel bj stout opt er w res aolde ed o < 



* The li 



a of a 



a gamn ng n p !i s a 
ng BU jh a d an p u he w g h p a 

Frequent rubbing with a swab facilitates the procesi. — Trans. 
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plate. Fig. 562 represents the apparatus complete. For large coils, 
wooden tubs aro used, and arranged aa shown ia fig. 563. 

A single Wollastou's element is ¥crj convenient for similar purposes, 
when a strong current is not needed. 
A handle is fastened to the copper plate, -^^^- *■ 

and short copper wires soldered on as 
poles. 

Oersted's trough apparatus is very 
convenient when a powerful current is 
required for a short time. Take a sheet 
of copper and bend up the sides so as 

to form a rim all around an inch high, as shown in fig. fifii. In this laj- 
a zinc plate on a couple of sticks, and the apparatus is complete. 

[282] Amalgamating the zinc— The amalgamation of the 
z nc n t only nc eises the power of any galvanic apparatus, but effects a 
gr at av ng of z n New plates are amalgamated by simply placing 
some mercu y and 1 ! ted sulphuric or hydrochloric acid in a dish, and 
apply ng botli together to the surface of the metal with a small brush or 
a Bwal When the [ lates have once been amalgamated, it is only necessary 
t« place them in the exciting hquid and pour into it a little mercury; it 
Tvill soon spread over the surface After the plates have stood for some 
time unused the mercury collects m little drops, bat it spreads over tl e 
surface again a« -ioou is the plate? aro immersed in the exciting hqi id 
When the 7inc is in a separate cell it requiies no moie labor than imply 
1 1 place some mercury in the cell To amalgamate the Wollaston 
elements described in ^ 2Sl) dip them into dilute ic d lay them in a di h 
so that the longest edee of the zinc mil be uppermost and pout 1 fe i 
drops of mercuiy on ea<,h zmc plate from a pipette then immerse the 
elements again immediately 

Mercury «hich has been used tor imalgamatmg 7inc must be kept b\ 
itself as it i& not iit for iny other nse without purification 

[283] Zamboni's pile — -Ihe essential points of the lonstruction 
jf this pile have already been descr bed when speaking of Bohnenberger s 
elcLtroraeter Take a glass tube coated on the inaide with sealing wax * 
and fill it with disks J to 1 inch in diameter The tube must be wi le 
enough to admit disks without crow ding The pile is most effective when 

* Heat li e tl t e g aduallv beg qui ^ at one end and drop t ts of =ealii g n I'v 
nto It t Hill melt and spread itielf vtry uniformly over tie surfice Thu iu 
muBtle uiiedo nstantlj Th = la (he «uiest way tn make tl e ^lass in'iultte w 
but it makes the apparitus neater to take a lube nhich insulates well already inl 
varnish it on the maide with bleached shellao. 
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the disks are made of silver paper, coated oq the baek with very fiuely 
pulverized oxide of maDganese rubbed up with thin gnm water, and applied 
very thinly If the disks rub against the glass in ^ sin^ in they leave a 
fine metallii- coating which almost destroys the efiect of the pile. The 
tube needs no mounting , it may be dosed with dry corks throngh which 
slightly tapeiing smooth wires are thrnst the ends of whith press on brass 
plates laid over the disks of piper The fnction on the'te wires keeps 
the disks stt&ciently compressed The corks are afterwards coated with 
seahng was Such a pile consisting of upwards of 1000 pans, causes a 
divergence in i delicate straw electrometer A couple of dozen such 
diska strung on a threid and tied together give indications of electricity 
with a condenser The dry pile is very convenient for showing the use 
of the condenser and the difference in the tension at its poles in an insu- 
Idted and unmsultted condition may be shown also A pile of 1000 pairs 



Fig 505 



may be built up on a board between 
^*jfflE°*- '^ thiee glass rods and compressed by 

i V "V^ '*''^ Htringa tied below leaving little 

sciaps projecting between every 100 
piirs to show the graduilly increasing 
teiLMon 

Two piles of 2000 pair tach, set oil 
a board and connected below by a 
strip of foil as in Bohnenberger's 
electrometer will set in motion an 
ele tiical pendulum The arrangement 
IS represented in fig 5''5 The upper 
1 ulea pass through a ron 1 I odr 1, 
which rests on two \ liars ind o r 
which the pendulum ssusj ndeltrom 
a bent wire The pendulun is made 
of a light hollow brass ball a fastened 
to a slender glass rod anothe I all is 
Used to balance the first The ball a 
hanffs when at rest between the poles, 
and the glass rod must be long enough 
to albw it to reach both poles by 
turning on the thread as an axis. A 
bell glass IS placed over the pendulum 
to 1 eep off currents of air Once set 

in motion this p ndulum will continue t oscillate for yi ar sometimes 

ciming to rest and beginning igiin of itself 
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[284] Constant "batteries.- — In order to obtain a strong galvanic 
current whicli shall remain constant for several hours, batteries must be 
constructed of two metals separated by a porons partition, each acted ou 
by a separate fluid. Porous animal membranes, such aa the bladder, may 
be employed for this purpose ; but their use is attended with so many in- 
conveniences, that they are now almost universally supplanted by cells of 
porous clay. Bladders are. seldom used except in the gal v an o plastic 
process, for which they are very convenient ; the elements are arranged for 
this purpose in a peculiar way, which will be described in its proper place. 

The porous clay celis are made of porcelain clay, pipe clay, or ordinary 
clay free from iron, with the addition of a little quartz sand. They may 
also be made of plaster cast in moulds Thi porLclain cells are very good 
and stronger than the others. Any potter can make them out of white 
clay and fine sand, the proper propr rtions of which he will learn by a few 
trials. They mast be uniform, and as thin as possible Plaster ceils 
must be handled very carefully when they are net 

The experimenter can make the celli for himself ovei a woodun muui 1 
on the lathe. The moald ia eorertd witli paper, and bored through 
parallel with the axis, in order to remove the cells more easily Ihej 
can be made more uniformly thin in this w iv than by the common potter 
to whom the preparation of the claj and the buining should be intrusted 
■ Good clay cells should become unite damp on the outside in 1 minute 
after water is poured into them ; those mide of pipe clay require only 30 
to 30 seconds. They must, however be fiee irom cracks which lUow 
water to trickle through them; otherwise the nitiic acid will penetrate t) 
the zinc and blacken it. Imperfect cells are icadily detected in this nay 

To preserve them in good order it is absolutely indispensable to wash 
them out each time after use, and let them lay 24 hoars in a tub of clean 
water ; otherwise they soon become so brittle as to break with the shghtest 
jar. 

Their shape must be accurately cylindrical, fig. 5()6 -^ ^^^^^ 

so that the liquid may form a stratum of uniform thick 
ness between them and the metal Their size depends 
of course, on that of the elements; but they should be 
just high enough to allow their thickened rim to pro 
ject above the metal. The best cells which the author 
has seen, in respect to the resistance opposed to the 
current, were made by StOhrer, in Leipsic. They far 
excel the Paris porcelain cells. 

[285] DanielPs constant battery. — This 

coflsists of copper and zinc. The copper is acted on by a soluti n 



d by Google 



328 PHYSICAL EXPERIMENTATION. 

sulphate of copper, and the zinc by dilate sulphuric a<;id. It is Indifferent 
which metal is placed on the outside, that is, which has the greater sur- 
face. If a Bunsen'a battery is also at hand, the zincs should be so 
arranged that they can be used for either. 

Large tumblers are used for the cells. The zinc and copper are both 
bent into a cylindrical shape, so that both will approach as near as pos- 
sible to the clay cells. The zinc must be heated to between 200° and 
300° F. before bending it, otherwise it will break. It is afterward amal- 
gamated. A great saying of zinc is effected by coating the side which is 
turned away from the copper, with a varnish of asphaltum dissolved in 
spirits of turpentine. Strips of copper are soldered to both metals, as 
shown at a, (ig. 56T, to which binding screws may be attached. The 
Fig. 568. 




imirii'ff ui I JJi 1^ 111 VI 



outer metal is usually made to f . • gla^^> 

and the inner the same distance above the clay cell Fiff 568 lepicsents 
a Daniell's element complete. 

As the uniform action of this battery depends upon the (.onstant satu 
ration of the solution of copper, it ma'.t always contain an excess of 
crystals of sulphate of copper. If this is simply thrswn m the bottom of 
the cell, only the lower stratum becomes sitnratcd , the vitriol must be 
hung in a gauze bag in the upper part of the vessel Ihe action of this 
battery is very constant; bat it is so mnch weakened by its specihe 
resistance, that it is not nearly so powerfal as Bun&en's zinc carbon 
battery of the same size. On the other hand it has the advantages of 
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greater cheapness more permanent action and freedom from nitrous and 
vapors For the rea'ion last mentioned it is especnlly adapted for use 
m workshop'! etc where the acid vapors would be injunoua The zinc 
may be acted on by a solution of common salt inste'wi of sulphuric acid , 
a bag ( f the salt must then be hung in the solation but the substitute is 
not very Ejood When the elements are kept a long time several weeks, 
in constant action a part of the old Iiqaid should be withdrawn by a 
siphon and replated by fresh This applies especially to zinc 

The elements may be so connected as either to form a battery or a 
single element of large '^u^face In the fjrmei case the copper af one 
element is connected by binding screws to the zinc of the next and the 
elements so arranged as to bring the two poles as close together as 
possible In the latter cise all the coppei plates are cemented with one 
stnp and all the /mcs with anotlier The cells should be aiimged in a 
tny fig 669 jast large enoBj^h to contain them 

lug '^b^ 




[386] Grove's battery, — This has platinum instead of copper, which 
is acted on by concentrated nitric aeir!, but it is arranged in other respects 
like Daniell's battery. The zinc is acted on by sulphuric acid dilated to 
■j^^ or i. To produce very strong currents the sulphuric acid is used 
stronger, even as high as one-half; more depends upon this than upon 
the strength of the nitric acid. This is the raost powerful combination 
known, in proportion to the size. Its first cost is considerable, bnt not so 
great as might be supposed, when made at home. The pjatina is nsed in 
the form of very thin foil, as it depends only on the surface, and 40 or 50 
square inches of such foil need not cost pver four or five dollars, | of 
which is the permanent value of the metal. Snch very thin foil requires 
care in handling, which must be observed, in fact, with any apparatus. 
Varrentrapp advises to bend this thin foil around a piece of lamp-chimney, 
and tie it above and below with fine platina wire ; one corner of the foil is 
bent over to the inside of the cylinder, and a piece of thicker foil laid on 
it. This foil is soldered to copper and varnished all over with asphaltum, 
except where it is in contact with the thinner foil. The two pieces of 
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I together by a cork fitted in air tiglit, and larnihhed. 
The nitric acid consumed costs rather more than the sulphate of copper 
required to produce a current of equal strength with Daniell's battery. 
When the foil is thicker, it is better to retain the arrangement described 
in the preceding paragraph for Daniell's battery, substituting platina for 
copper. It is still better to fasten the foil to a wooden cover fitting on the 
clay cell. Leave a piece projecting from the middle of the foil, fig. 510, 
to which rivet a double slip of copper of the same width. Make a slit 
through the middle of the cover, and from this cut an S-shaped groove, 
about ^ a line deep, fig. 5T1- Pass the strip of copper through the slit, 
bend the foil into the shape of an S, and insert it in the groove, iig. 512. 



Fig. 5t0. 




S3 .1 



Finally, fill the lower side of the cover with melted ro'iin to keep the foil 
in place. The cover serves to retain the nitrous atid vapors paillj in the 
cell. The platina foil may have from 6 to 20 square inches surface. 
Fig. 513 represents a Grove's element complete. Another form of the 
same battery is represented in fig. 514. In this the cell is a rectangular 
trough, around which tlie zinc is bent. The platina foil is straight, and 
fixed to a cover as before. The elements may be placed in wooden 
troughs coated with pitch. If the zinc is hent twice at a right angle, the 
succeeding platina foil may be attached directly to it, at d. 

The c3ay cells of these elements must be soaked well after use, and the 
foil washed with water. Each foil should be kept in its cell. 

[381] Bunsen's zinc-carbon battery. — In this battery the 

platina is replaced by carbon. The exciting liquids are the same as in 
Grove's battery. The cylinders of carbon require a special preparation. 
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Tbey are made as follows : Take two parts by weight of coke and one part 
bituminous coal, puherize and sift them. The powder mnst then be placed 
Fig. 573. 





in a mould of sheet iion which li a little wider and about an inch higher 
than the glass in which they are to be used. This monld is not riveted 
together but simply the edges turned up to the width of | an inch and 
clamped together fig 515 The mould is closed above and below by pieces 
bent up m the same manner and pushed in After one end is closed, place 
in the mould a cylinder of pasteboard so as to leave a space of about 3 
centimeteis between it and the mould and hll this <!pace with the coal 
dust shaken togethei but not compressed, then close the other end, and 
plaster the joints with clay Heat a nnmber of moulds filled in this way 
to a red heat m a furnace and 



keep up the heat until the wo 
lution of carbureted hydiogen 
gas ceases which requires about 
I of an hour ifter cooling the 
coal will be him enough to bo 
tuined on a lathe Tnrn them 
off to the '(hape of hg 5T6 The 
length of thenanowerpait of the 
cylinder must be a httle less than 
the height ot the glass so that 



FiQ 575 



Fig 57 G. 




d by Google 



332 PHYSICAL EXPERIMENTATION. 

the broad rim will rest on the glass and euver it. The smaller part must 
slip easily into the glass. The inside must also be turned off until the 
smaller part is only 5 or 6 millimeters thick. The coal cylinders are 
fastened on the lathe by a wooden chuck with a wide slit and a sliding 
iron ring, an arrangement familiar to erery turner. 

After this, saturate the cylinders with molasses or coal-tav, and dry 
them again. When dry, place them in a crucible among charcoal powder, 
Inte on a clay cover, and burn them in a potter's furnace. 

After the cylinders are burnt, bore a few holes, about 5 millimeters in 
diameter, obliquely downward through them; then heat the broad rim 
and saturate it with melted was, to prevent its absorbing nitric acid. A 
copper ring, either riveted or hard soldered, with a projecting ear, iig. 577, 
is then to be driven over the rim of the cylinder with a few gentle blows 
of a hammer. When the ring fits well, and the cylinder is held in the 
hand, this can be done without injury. It is better to tighten the ring by 
a binding screw, fig. 578, so that it may be removed and cleaned after 
Fig. 577. Fi'j. 578. 




use. It is advisable, when the ring is screwed together, to lay under it a 
strip of wire gauze of equal width, to increase the points of contact, and 
then varnish the ring and the upper part of the cylinder with sealing-wax. 
The same varnish should be applied when the ring is driven on. 

The carbon is sometimes placed in the clay eel! and the zinc made the 
outside element. In this case, the carbon is in the form of a straight 
cyhnder, with a copper ring driven on one end. It is not necessary to 
gild this ring to protect it from the action of nitric acid ; saturation with 
wax is sufficient to prevent the acid being drawn up, without injuring the 
conducting power of the coal. A coat of varnish will protect the ring 
from acid accidently dropped on it. As the rings are destroyed by con- 
stant use, let them be made as they may, the simple pattern shown in fig. 
577 is preferable on account of the ease with which, they can be renewed. 

It is not advisable to connect the zinc of one element permanently with 
the carbon of the next. The contact should always be made by binding 
screws. The form seen in fig. 579 is well adapted for this purpose. The 
slit in the strip connected with the zinc slips over the screw, the head of 
which presses upon it. When the carbon is on the outside, the jars 
should be contracted at the neck, so as to contain a considerable quantity 
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of acid without exposing much surface. To obtain the maximam effect, 
the clay cells must fit into the carbon cylinders as closely aa possible. 
Jars of the form of fig. 580 are made specially for Biinsen's battery. Fig. 
581 represents the whole apparatus, in section. 



Fig. 5T9. 



Fig. 581, 




From the directions giTon for the preparation of the carbon, it will be 
seen that it is a tedious process It generally requires sorae preliminary 
trials, for the proportion of the coke to the bituminous t oal vanes accord 
ing to the quality of the latter , if it im too bitammous, the cylinders cnck 
during the first heating; if it is not bitnmmous enough, they are too 
friable. In the former case more coke must he used , in the latter, less 
Carbon of equal density also differs very much in electro motive power. 
It is, therefore, best to buy these cylinders, unless a largo number of them is 
required. The best are made by Delenl, in Paris, and Stohrer, in Leipsic. 
The former soils the whole element, including glass, very heavy zinc, 
porcelain cell, a copper ring like fig. 568, and binding screws, for 4 francs. 
Stohrer makes more powerful elements for 3 thalers ($3 25.) 

The prime cost of this battery is less than that of Grove's of eqnal 
strength. The carbon absorbs, however, a considerable quantity of nitric 
acid, amounting to ^ of the whole, which is lost in the subsequent soaking. 
The loss by conversion into nitrous acid is not more than in Grove's 
battery. The inconvenience from nitrous acid vapors is about the same 
in both. Smoking tobacco, and especially cigars, partially obviates this 
inconvenience. 
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When the battery is used frequently at short intervals, it is an advan- 
tage to have the carbon on the outside for the clay cylinders may then 
be reraoTed and the carbon left standing in the acid, covered over ivitb a 
plate of glass, so that nothing is lost by soaking. Carbon recently soaked 
and dried yields, it is true, a stronger current for the first instant, but it 
soon falis to its ordinary force. To obtain a feebler current, which shall 
continue constant for a long time, Bunsen's battery may be" charged with 
snlpharic acid diluted to ^'u or Jj its volume, in both the zinc and the 
carbon cell ; thus charged, the current will continue nearly uniform for 
four weeks. 

[288] The zinc-iron battery. — The platina foil in Grove's com- 
bination may be replaced by sheet iron, provided very strong nitric acid 
of specific gravity 1'4 be used. Tin plate may also be substituted for 
zinc, and a strong current obtained even with iron in both cells. Not- 
withstanding the case with which batteries can be constructed in this way, 
they have not come into such general use as might have been expected. 
The difficulty in their use is, that one must notice constantly whether the 
acid is strong enough not to attack the iron ; but during the action the 
acid is constantly growing weaker, until it reaches unexpectedly the point 
where the iron is violently attacked, and a cloud of nitrous acid vapor is 
evolved. 

Besides the batteries already mentioned, a multitude of others have 
been recommended, which, not having found their way into general use, 
may be passed over here. 

[289] Experiments on the tension of the pile.— A toier- 

.ablo demonstration of the law that the tension increases as the number of 
pairs, may be given by the aid of a delicate gold-leaf, or Dellmann's 
electrometer, with only 8 to 12 pairs. The pile is bnilt up on the hand, 
with moistened blotting-paper, and the projecting ear of the upper plat« 
brought in contact with that part of the condenser which consists of the 
same metal. By touching any part of the pile with the fingers of the 
hand on which it rests, only the plates above the finger come into play 
By increasing in this way the number of pairs, the increased diverg- 
ence of the electrometer is very evident With a very delicate elec- 
trometer, not more than 8 to 12 pairs must be used, even when the 
blotting-paper is moistened with simple saliva. With pasteboard the 
piles would be too high for this process. With 40 to 50 pairs a delicate 
straw electrometer may be used. Zaraboni's pile of 1000 pairs affects such 
an electrometer without a condenser. 

[390] Physiological effects of the galvanic current.— 

(I) The simplest experiment is to pass the current through any branch 
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Fig. 583. 



of the fifth pair of nerTes, which communicate with the optic cerve. 
The most convenient apparatus is a couple of plates of kIuc and copper, 
not more than an inch in diameter, flg, 582, with handles. Tlie copper 
may be silvered for the sake of cleanliness. Hold these plates in the 
mouth between the jaws and the cheeks, bo that when the mouth is closed 
the handles will be in contact. At every contact a faint spark will be 
seen, especially when the eyes are closed. 

(3) The same plates may be used to illns- 
trate the curious taste produced by placing the 
tongue between them with the handles in con- 
tact. 

(3) Lay a copper or silver coin on a plate 
of zinc, and on this place a leech. It will begin 
to creep, but always retreat as soon as it 
touches the zinc, 

(4) A single pair is not sufficient to produce 
shocks in the human system, this effect depend- 
ing upon the number of pairs ; but with 10 or 
12 pairs a slight tremor is felt, and with 40 to 
50 pairs it becomes very sensible, especially 
when the poles are touched with metallic 
handles, fig. 583, held in the hands, moistened 
with acidulated water. These handles are made of sheet brass, and the 
wires should pass entirely through and be soldered to both ends, other- 
wise they soon break off. The cylinders may be left open at both ends, 
and the wire soldered to the side. With a strong pile of 60 to 60 pairs, 
the circuit cannot be kept closed by these handles ; the twitching which 
ensues as soon as the circuit is closed, immediately breaks it again. 
When the shocks have become weaker, so that the circuit can be kept 
closed, the current produces a tingling sensation in the fingers and wrists. 
If the wires from the poles be made to terminate in two basins filled with 
acidulated water, the circuit may be completed by plunging the hands in 
these. The wires should in this case terminate in plates 4 inches square, 
to increase the surface of contact. The shock will pass through several 
persons, if they hold each other with wet hands ; but it is then veiy much 



[291] The spur wheel,— The effect of quite feeble shocks becomes 
intolerably great when they follow each other in quick succession. For 
this purpose the circuit must be rapidly closed and broken. This can be 
accomplished very readily by connecting a rasp with one pole and drawing 
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the other terminal wire rapidly across it. Any body inserted in the 
current will then receive shocks in rapid succession. 

The interruptions may be produced with more regularity, and the 
interval between them regulated at pleasure, by means of the apparatus, 
fig. 58i, It consists of an old clock wheel, the iron axis of which rests 

Fig. 584. 




on two brass posts fixed in a board, with one of which the wire a is con- 
nected, while the spring b strikes against the teeth. As often as the 
spring passes a tooth the current is interrupted. The teeth may be 
amalgamated, to render the contact more perfect. This is dnne by hold- 
ing a bit of paper, moistened with muriatic acid, against the teeth while 
the wheel is revolving, and then passing them through a cup of mercury. 

Neef's apparatus for the same purpose has, instead of the notched 
wheel, a circle of brass, into the circumference of which pieces of boxwood 
or ebony are inserted at regular intervals. In this case, the spring 6 
need not have so much elastic force. This apparatus is free from the 
clicking noise which the other makes, but the spring is apt to drag 
metallic particles over the surface of the wood, and thus render it a 
conductor. 

[392] Physical effects of the battery : sparks and calo- 
rific effectS.^ — Sparks of appreciable length can only be obtained with 
very powerful apparatus, by induction. The light evolved is generally 
produced by the combustion of the ends of the conducting wires, and 
especially of the mercury with which they are amalgamated. The sparks 
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produced wlieii the carrent is intemipted are brilliant in proportion to 
tlie length and thiuliness of the conducting wires. If a part of the circuit 
be too thin to conduct the current, it becomes, heated, even fused or 
volatilized. The intensity of the heat is proportioned to the thinness 
and shortness of the wire and the size of the plates. A single Wollaston's 
element of the dimensions assigned is 

sniBcient to ignite a very fine platina Ffl' -^35. 

wire, stretched between the poles, as 
shown at p p, ia flg. 585. When the 
wire is very fine, aail not more than 
^ to ^ inch long, it becomes red hot 
as often as the element is immersed 
in the acid. By the method described 
in § 2G8, No 6, it is easy to mate iron 
wire fine enough to be ignited and 
melted with apparatus of moderate 
power. To bum a watch-spring re- 
quires a more powerful battery than a 
simple Wollaston's. 

A sheet of ^old or silver leaf, hung like a flag on one of the electrodes 
of the battery and made a part of the circuit, burns with a brilliant light ; 
if the other electrode be passed over the foil like a knife, it burns a way 
for itself, so that the metal may thus be cut into strips The same 
brilliant combustion is produced by connecting a file with one pole, and 
drawing over it a fine wire connected with the other ; the wire burns with 
a shower of sparks. To obtain the bow of light between charcoal points 
requires 12 to 24 good Bunsen's elements of the size described. For this 
purpose, take cylindrical pieces, ^ to ^ an inch thick and 2 inches long, 
pointed at one end, and made either of the same material as the carbon 
elements, or of coke. Charcoal does not conduct well enouffh, and can, 
therefore, only be used with very powerful batteries.* Carbonafieous 
deposits are found adhering to the iron gas retorts, which are extremely 
dense and very suitable for this purpose. The pole wires should be 
wrapped around them several times to increase the surface of conta<'t, 
and the points of the coal then brought together. With a battery of 40 
or 50 pairs, the carbon points may be drawn apart, after they become red 
hot, to the distance of J inch, and an ari;h of light of dazzling brightness 
obtained. Pointed wires coated with soot give a brilliant light when 
the circuit is closed. 

* ftitli a, Bunsi'n's balterj of 12 elements, bosivooJ cliarcoul givea very good 
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As the distance between the coals must remain constant during this 
experiment, and the inilnence of the magnet on the arch should also be 
exhibited, a stand like fig. 586 is very convenient. Two stout metal rods 
fixed in a wooden base carry each a conple of sliding clamps. The con- 
ducting wires are fixed in two of these, a a, end the coal points, with 
their wires, io the other two. The wires to be melted may be held in the 
Fig. 58Y. 
J^V/. 586. 



F 





same way, the clamps being very convenient, especially for very fine 
wires, which are apt to slip out of the binding screws. The carbon points 
may be fixed at the proper distance, and a Leydcn jar discharged throngh 
them to start the current, which will then continue. A special support 
for this experiment is shown in fig. 581. The coal is held in metallic 
tabes, and the upper rod slides in its socket. The middle part of the 
column is made of glass. 

[293^ Blasting by galTanism. — Close both ends of a small 
glass tube with sound corks. Through one of these thrust the bare ends 
of two welMnsulated copper wires, so that they will project about ^ centi- 
meter within, aud be as far apart as possible; scrape them clean and 
connect them by a fine, bright, iron wire. Cement the cork tightly ia 
the tube, and, after filling it with gunpowder, curk up the other end also, 
and cement it. Tie the insulated wires togetlier, wrap them again with 
silk as far as they are to he immersed in water, and varnish them over. 
These preparations must be made some weeks before the experiment, to 
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allow tlie varnish time to dry. Lay the cartridge in a tub filled with water, 
coyer it with a board, and from a safe distance pass through tlie conduct- 
ing wires a current sufficient to melt the small iron wire. The experi- 
ment should be made ont of doors ; the tub is generally burst open. 

[294] Production of cold by the galvanic current.— 

Solder together a bar of bismuth and i bar of antimony glance each from 
2 to 4 square lines, in transverse section so as to form one continuous 
bar, and send a current through them a reduction of temierature will 
take place at the joint when the current goes from the bismuth to the 
antimony- glance, and a rise when it pasfes the other way The bars with 
a short copper wire fastened to each must be inserted in a glass bulb 1 
to 1^ inches in diameter, with a long neck bke fig 5b8 In soldering 
copper to these bars, it mnst first bo tinned The (.ementing may be 
done by frequent applications of thick solution of sealing wax as the bars 
cannot be made hot enough to melt seahng wax Plaster of Pans is too 
porous for the purpose. Dip the end of the tube a in a glass of colored 
water, and warm the bulb 6 with the hand so a« to expel some of the air 
and allow the liquid to rise in the tube Alark the height to which it 
rises by a thread, and fasten the apparatus to an upright >itand Send a 
current, by means of a pole-changer iltemately in opposite directions 




i^fir 589 



through the bars, and the thermometer will indicate rapid changes in the 
temperature. A strong current produces an elevition of terapertture m 
either direction. A single WoUastons element is very convenient for 
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this experiment, as the quantity of liquid in the glaaa can b 
diminislied bo as to obtain a current of suitable strength, without disturb- 
ing the apparatus. An arbitrary scale may be attached to the tube, which 
must be so arranged that it can be taken out and emptied of the liquid. 
Fig. 589 represents such an arrangement. 

[295] Chemical effects of the hattery.— Decomposition of 
water. A very simple apparatus for this purpose is represented in fig. 
590. Bore two small holes in the bottom of an ordinary wineglass, with 
a steel drill and spirits of turpentine; close them with good corks, and 
thrust platina wires through the corks. Twist a wire around the stem of 
the glass and bend the two ends into hooks abore, upon which hang two 
glass tubes closed at one end, at such a height that the ends of the 



Fig. 591. 



Fig. 590. 





platina wires will project about 2 hnes within them The wires should 
be covered with sealing-wax as far as the bottom sf the tubes Only this 
projecting portion of the wire need be platina the lest may he of copper. 
Pig. 591 represents another form of the appantus lake a glass funnel 
and eat off the tube, except about an inch , close the lower end with a 
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good cork (iaserted from above) through which two platina wires termin- 
ating in slips of foil are passed, and cover the cork with melted wax. 
Solder copper wires to the platina on the outside, and mount the funnel 
and tubes on a wooden stand. 

Pnt slightly acidulated water in the glass, and fill the tabes with the 
same. The tubes should be of the same diameter, to show the difference 
in the quantity of the gases evolved. 

The gases may bo obtained in greater quantitj by means of the simple 
apparatus, fig. 593. The glass tube m /i p is 4 to 6 lines in diameter. 
The corks, the platina wires c d, and the tubes o h must be inserted air 
Fig 593 



Fig. 593. 




ti^ht The wire^ end in slips of platina foil f (ivhith die needed for 

other experiments) reaching nearly to the bend of the tube Tin. tubes 

a h are connected by ludia-rnbber with fiq 594 

tubes leading to 1 small pneumatic 

trough where the gases maybe collected 

The platina foil by increasing the surface 

makes the current stronger. Pig 593 

represents a convenient support for the 

apparatus 

The appiratnsinfig 594 delivers both 
gases together It cunaists of a wide- 
mouthed glass jar clused with a cork, 
through which two insulated copper 
wires are inserted. The wires may either 
he coated with sealing-wax or inclosed in 
glass tubes. Platina plates are soldered 
to these wires, and the gas is delivered 
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by a bent glass tube. It is more convenient when this tube has a flexible 
joint of india-rubber. The lower side of the cork and the copper wires 
are coateii with sealing-wax, and the plates placed very near each other. 
The glass is filled with slightly acidulated water. It is better to have the 
wires of platina soldered to the plat th g 11 d t d tl 

thick copper wires on the outside ; for th latt tt k d by tl a*. 1 

in spite of the coating of sealing-wax Ith pmtfni6t 

12 elements are reqnired to obtain th g b d f h w t 

opposes a great resistance, although d mp t b g w tl 
three or four elements. The gas may b 1 d d tly t p d a d 
the bubbles ignited as soon as they have detached themselves from the 
tube. The explosion is always sharper than that of the artificial mixture, 
because the gases are pare and in exactly right proportions. When the 
quantity of gas is to be mei.sured tlie platina plates must be constantly 
beneath the snrface of the liquid, for they would otherwise cause a partial 
reunion of the two gises For this purpose, the apparatus may be made 
in the form of fig 595 in nhiLh the conducting wires pass through a 

Fiq 595. 




boaiiccitel lellutb elivi^v >iti »liich stands a little hell glass 
with a gas tube passing through its lubulus If no exactly suitable vessel 
is at hand, it is better to bore two holes in the bottom of a gla^s cybnder 
and pass the wires through these holes and the upper part of the board 
to the binding screws. The bubbles must nevir be ignited when standing 
immediately over the mouth of the tube ehe the explosion mil be com 
munieated to the interior of the generator, they should alnays be first 
drawn to the side of the vessel. 

Iron plates may be substitnted for platina, and placed in a eolation of 
1 part by weight of caustic potash to 9 parts of water. The plates may 
be coiled up into a spiral, so as to increase their surface very much, and 
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thereby iccrease also the quantity of water decomposed. Spirits of tar- 
pentiae poured over the solution of potash will prevent spattering. This 
arrangement is not preferable to platina for measurements. With platina 
electrodes, the acidulated water must be free from salts of zinc, otherwise 
the negative pole will become coated with black metallic zinc, and the 
evolntion of gas will cease at this pole. 

[296] Explosion of chloride of nitrogen.— When the poles 

of a Bnnsen's battery of 6 to 8 pairs are connected with platina plates 
immersed in a very strong solution of sal ammoniac, chloride of nitrogen 
is formed at the positive pole. If the solution be covered with spirits of 
turpentine, the little yellow drops of chloride of nitrogen explode very 
sharply as soon as they come in contact with it. The experiment succeeds 
better when the liquid is warmed. 

[291] Decomposition of salts — The simplest mode of per 
forming these etpenments 

13 to take a bent ghss tuhe Fi<j 596 

such as IS represented in 
fig 5^6 and fill it with a 
solution of some neutral 
salt colored with litmus. 
Insert a platina electrode 
of a batterj of 3 to C pair^ 
in each end of the tube 
The solation w lil be colored 
red at th" positive pole 
ind blue at the negative, 
by reversing the poles the 
colors will also be revused 

[3*^8] Electro - metallurgy — A modiBcation of BecquereU 
battery fig 597 is veiY convenient fjr amtll galv inoplastic operations 
< IS a candy jar Huh the bottom cut off, 
the mouth is closed by a piece of beefS 
or hog's bladder and a sheet of zinc so 
arranged as to leot on the shoulder just 
over the bladder but not in contact with 
it It IS advisable to wrap the zinc in a 
cloth otherwise the falling paiticles of 
zinc will induce a deposit of coppti on 
the bhdder beneath them Sjpport the 
glass in the outer vessel on a wire tripod 
leaving a space of 1 or 3 inches below the 




Fig 597 
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bladder. This support is made by simply twisting two wires together, as 
in fig. 598, A Iripod of glass, fig. 599, placed beneath the jar, is, in some 
respects, better. A stout copper wire or ribhon is soldered to the zinc, 
and dips into a cup of mercui'j q, and from this a second wire goes to the 
mould, which lies on the bottom of the vessel and forms the second 
element of the battery. Those parts of the wire which dip into the 
liquid are varnished over. The insertion of the mercury cup makes it 
Fig. 598. 

Fig. 600, 
Fig. 59!l. 





easier to take the apparatus apart, which is frequently neeeasary. When 
the mould is hard, the connecting wire is merely laid on it ; if the mould be 
soft, it is thrust into its side. As the copper is deposited most rapidly 
where the wire rests, its position should be changed frequently when the 
mould exceeds I inch in diameter, or two wires be used. The zinc may 
also be placed vertically in its cell, and the conducting wire fastened to it 
by ft binding screw, as seen in section in fig. 600. 

Fusible metal, made of 8 parts of bismuth, 8 of lead, and 3 of tin, may' 
be used for taking the casts; though they are generally made of was 
mixed with J of plaster, or of stearin. The original must be well cleaned, 
and a rim of paper, ^inch high, tied or pasted around it. Breathiug 
upon the mould jusl before pouring in the wax, which must not be too 
hot, facilitates the removal of the east. A thin film of grease answers 
the same purpose. The mould should be slightly warmed, so that the 
mass will not harden at once. Plaster easts are very hard to copy; they 
should be laid in a plate with water, and the materials poured over them 
as soon as the water penetrates to the surface. 

To render a was mould conducting, brush it over with precipitated 
metallic silver, or finely levigated graphite, with a hair pencil, making a 
streak also down the side, where the conducting wire is inserted. Lay 
a rim of shoemaker's- wax around the mould, bo that the deposit of copper 
may not creep over the edge, which makes it difficult to detach, A 
mixture of 20 parts of glue and 3 parts sugar, boiled with very little 
water, forms on elastic mass, like that used for printer's rollers ; under- 
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wrought objects can be t pied with this material An additioD of a 
little iioseed oil is said to rei der it durable in the galvanic hath. Gutta- 
percha, pressed over the heated model in a wet alsu makes good monlds. 

The vessel a, fig. 597, is hllcd with a solution of sulphate of copper, 
which is kept saturated, and 6 with very dilute 'sulpimric atid (^'^ to tj'(J.) 
In order to be sure of success the solution of coppei must be free from 
zinc, which it will not he if it has once been used f i Daniell's battery. 
To render the copper tough add 5 to 10 pei t-ent of iil of vitriol to the 
solution. The copper will be thick enough to be removed in 12 to 24 
hours. Remove the shoemaker s wax fir'.t and raise the copy straiglit up 
with a knife blade, while the m uld s held in the other hand. 

When any other battery i=! used for gal van o plait ic operations, connect 
the mould with the negative pole and the positive pole with a copper 
plate, of the same size as the mould pld^^ed pai illel half an inch from it. 
(The positive current pas es through the 1 -|u d element from the zinc to 
the topper, and out of the hqaid ft m coj per ti zii c the copper end is, 
therefore, the positive, and the zinc the negative pole ) For larger 
objects the baitery is nsed directly ind a stronger animal membrane sub- 
stituted for bladder. 

[299] Gilding and silvering. — General remarks.* Among 
the many methods proposed for the precipitation of gold, etc., by galvau- 
ism, the decomposition of the cyanides is the best for our purposes. The 
best battery is Daniell's, because it can be used in any situation, and 
yields a more constant current than any other. It can be nsed without 
interruption for weeks, requiring only the, occasional addition of a little 
fresh acid, and an entire renewal of the same every 4 or 5 days. With 
Bnnsen's or Grove's battery, sulphuric and nitric acids, diluted with ten 
times their weight of water, will produce a sufficiently strong current. 
For technical purposes it is advisable to insert a galvanometer, consisting 
.. of a simple strip of copper, bent at right angles, in the middle of which a 
needle is suspended. A slit is made in the upper part of the strip, in 
order to judge of the proper position of the instrument before closing the 
circuit. The needle toay be a piece of stout knitting-needle suspended 
by a silk fiber {3 to 5 fold) in the manner indicated in figs. 601 and 602. 
An astatic needle arranged as in fig. 603 would be better, because the 
current is feeble. A few experiments will determine how imieh gold is 
precipitated in an hour, with various deflections of the needle, and the 

* This subject ja trealed here only ao Sir as it is useful in physioal instrucfion, or 
may be required in gilding parts of apparatus, without regard to whether Ihe pro- 
cess he the clieapest or the best on a large scale, provided it be simple aud certoiQ. 
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quantity of the other metals can be calculated from this. This furnishes 
an approximate measui'e of the quantity of gold deposited on any object, 





which is very convement even for the amateur. Fig. 604 represents a 
galvanometer of the simplest construction ; the copper is separated at 
a by varnished wood. 

Firj. 604. 




The solutions of the mefals, except platinum, arc prepared by galvanic 
agency, by soldering to the positive pole a pUte of pure gold, silver, or 
copper ; and to the negative, a slip of platina foil. The ordinary gold 
and silver coins are not pure enough for the purpose. Pure copper can 
be obtained by galvanic precipitation, for the copper of commerce is not 
always pure enough. Fuse the precipitated copper, under borax, in a 
Hessian crucible. Immerse the electrodes in a solution of cyanide of 
potassinm in distilled water, until the metal dissolved from the positive 
electrode begins to be deposited at the negative pole. In preparing the 
silver solution, the negative electrode must be gold The solutions of the 
metallic cyanides can be kept nnuhanged in closely stoppered bottles, but 
the cyanide of potassium decomposes. 

All the articles to be plated mnst be cleaned, first with lye, then with 
dilute sulphuric acid, or soot and dilute nitric acid, and finally with cream 
of tartar and a stiff brush. They should then be washed off with pure 
water, and placed immediately in the bath, and the circuit tlosed. The 
positive pole is inserted in the liquid first, and then the negative pole with 
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the object to be plated. The wires should be bent so that one will be 
in contact with the object, and the plate connected with the other parallel 
to the same. 

Too much care cannot be taken to prevent the amalgamation of the 
articles by mercury. The least trace of it on the hands will spread orer 
the clean metallic surfaces.' The mercury can be driven off bj heat, hat 
it ia apt to leave spots. In arranging the battery, the operator should 
wear gloves, on account of the amalgamated Kinc, or cleanse the hands 
thoroughly afterwards. 

The decomposing cell should, if possible, be made of glass or porcelain ; 
but, to avoid the necessity of too much liquid, one will often have to use 

The temperature of the bath is not indifferent; the operation does 
best at a temperature of 15° to 140° F., though it succeeds between 60° 
and 70°, 

A part of the metal is always deposited in the form of powder or of 
acicular crystals; as soon, therefore, as the articles cease to exhibit a 
bright metallic luster, they should be taken out, and washed with water, 
and cleaned with cream of tartar. The poisonous nature of the solution 
of cyanides must never be forgotten while handling the articles. This 
pulverulent deposit may bo partially prevented by occasional additions of 
cyanide of potassium, of which tho solution should always contain an excess. 

The current must never be strong enough to cause the formation of 
bubbles of gas on the surface of tho electrode. Feeble currents produce 
more uniform deposits, and require less frequent cleaning. The strength 
of the current can be controlled completely, within the limits required, by 
immersing the positive electrode to a greater or less depth, or changing 
its distance from the object to be plated, 

[300] Special management of tlie solutions. — Gilding 

and silvering. In addition to what has already been said, it should be 
remarked that these operations succeed best with a single element; and 
that it must not be supposed that an article is gilded as soon as it becomes 
yellow. This error has contributed much to bring electro-plating into 
discredit. It is, therefore, very desirable to know how much gold is pre- 
cipitated in an hour with a current of given strength ; for, according to the 
investigations of Uamas, fire-gilt articles have 28 to 130 milligrammes of 
gold on 50 square centimeters. This does not amount to 2 dollars on a 
square foot, although gilders speak of 3 dollars to the square foot; but 
by the galvanic process, it is easy to deposit 4 dollars to the foot. The 
articles are, however, dull and must be burnished. 

An object to be thickly gilded must be taken out as aoou as it begins 
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to be dull or brown, and rubbed with a wire brush or a stiff tooth-brush, 
cleaned with cream of tartar, and again immersed. The same process 
must be repeated uatil the gold becomes thick enough. When the gilding 
does not proceed well, or becomes spotted or pale yellow, the article must 
be cleaned, and a lump of cyanide of potassium added to the solution; 
a deep-yelluw color cannot be produced without an excess of cyanide of 
potassium. When it is desirable to gild more rapidly, a current strong 
enough to produce a copious evolution of gas may be used, and the object 
allowed to bei orae very hrown Aft«r ri^moval from the bath it is rubbed 
first with the finger, or ^ith fine linen and then with the wire brash. 
If the browning he not earned too far the linen will show no trace of 
gold, and even the sciatchmg biu^h will detach very little. In one case 
in which I pretipitited 1 milligramme of gold upon 1 square centimeter 
veiy rapidiy, I found, after using the brush, scarcely ^'j less gold ; but 
with twice as thick a coat the linen wa=! colored, and, after brushing, I had 
lost -^-2 to -p-2 The precipitation is very much aided by the addition of a 
very small quantity, not over gu'y^, of sulphide of carbon to the metallic 
bath as often as it is used. 

A very simple apparatus for gilding and silvering is made by cutting 

off the bottom of a wide-mouthed phial, and tying a bladder over the mouth. 

In thi is placed a piece of zinc to which is foldered a strip of copper, 

p J P05 which IS itterwards bent as in fig 6U5 so that the spiral will 

j| stand ^ to i inch from the bladder The strip is coated with 

W sealing w as up to the spiral By supporting the phial on a wire, 

if ^'^ ^'i^i' "1 ^^ ^^S ^1 * 'ifflall tumbler we obtain a battery for 

1>I| electro gilding This battery is charged witli fresh solution of 

jJII cyanide of potassium in the zmc eel! an 1 the gold or silver 

^3j solution in the outer cell Tl e objects to be gilt are laid on 

the spiral, which is also coated, but they must be turned once. 

Tbis. battery works very powerfully. Gold must be added to the solution 

when it becomes too poor. 

Frankenslinn's process. In this process a brass wire, to which a bit 
of zinc is fastened, is wound loosely around the object, or, instead of the 
wire, a thin, narrow strip of zinc, and the whole placed in a gold or silver 
bath, warmed to about ISf F. The bath consists, according to Frank- 
enstein, of 1 part chloride of gold, 4 carbonate of potash, 6 ferrocyanide 
of potassium, and 10 water, boiled together for ^ to f of an hour and 
decanted. Instead of this solution, the ordinary solution in cyanide of 
potassium, with the addition of potash or soda, may be used. For silvering, 
Frankenstein recommends 1 part chloride of silver, 5 ferrocyanide of 
potassium, 5 carbonate of potash, 2 common salt, 5 liquid a 
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liquid IB boiled a,nd decanted aa befoie The irticles must be taken )ut 
and cleaned eveiy 10 or "0 minutes and the zinc w and over other plates 
The quantity of gold piecipitated in a minute depends on the strength of 
the solution and tl is must be determined for a givei strength 1 y the 
balance until some experience is acquired r by analjsis of the solntion 
lemainiug When the solution is very weik tl e opeiation prnceeds very 
blowly which can be ascertained hy the time which eUpses before the 
article becomes yellow or brown. It is asserted, that with the proportions 
given, and with repeated washing, 1 dollar per square foot can be deposited 
in 40 minutes. The gilders nsually take more dilute solutions. Iron can 
be gilded in this way withont pTevioas coppering. 

Coppering. At least three elements are required for this operation, 
the decomposition of the cyanide of copper being more difficult than that 
of the combinations of gold and silver In costing iron with copper as a 
preparation for subsequent gilding it must be ciea ed with great are 
attached to the negative pole, the pos t ve pole nmersed fir t n the 
solution, and then the negative pole Wl en they are n rodu ed n 
reverse order, tte iron and the copi er w re for n v tl the 1 qu d a clo ed 
circuit ; and the iron being attacked h n len> the fir n adl es o of the 
copper, so that it soon falls off, or at lea t the ron r sts Tl e a ■! cie s 
only thinly covered with copper, and then c ected n th the negat ve 
pole and immersed in the solution of gold The ^old shoald be la I n 
thickiy. Unfortunately the gilding cannot always be done so perfectly as 
to prevent the lubsequent rusting of the iron. Where the operation 
sneeeeds well the articles can be laid in dilute nitric acid without injury. 

Brazing A soiuti m of brass is prepared by placing a strip of copper 
connected with the positive pole in a solution of cyanide of potassium, 
with a platina negative electrode, nntil copper begins to be deposited on 
the latter zmc is then used for the positive pole, nntil the deposit on 
the platma assumes a bras yellow color In this hath, iron can be coated 
w th brass The a t les must first 1 e 1 ghtly coppered, and then placed 
m the brass bath ns ng z nc and cop] er together as positive pole, and 
iramers ng the one or the other ieeper as the color of the deposit 
requires * 

Plaitmzing A soint on ot ammon o chloride of platinum in water ia 
used for tl i but the oj eratioa has never yet been brought to the per- 
fe tion necessary for pra tical purposes According to Jewreinoff, an 

* The Q. b has nerer sueoeeded jlat Dg iron with brass, bj using braaa aa 
be pos t ye pola as direo 1 l:y Jacob lie ar iole was always covered with zinc, 
and the brasa Wire beoame black. 
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adherent coat is obtained in the following way: 1 part of platina is dia- 
solyed in aqua-regia, the solution evaporated to dryness in a water bath, 
redissolved in water, and 1 part of canslic potash dissolved in water added 
to the solution The precipitate, together with the supernatant liquid, 
is boiled with a solution of 2 parts of oxalic acid, until the precipitate is 
redissoived, and a solution of 3 parts of caustic potash added to it. The 
articles must be treated in this solution with feeble carrents several times, 
being cleaned and burnished after each treatment. 

[301] Nobili'S colored rings.— These beautiful rings are pro- 
duced on a BmaE silver coin beaten out thin, or on a daguerreotype plate. 
If the coin be selected, it must be made quite smooth and ground off 
bright; the coin is better, because the rings can easily be rubbed off and 
renewed at pleasure, which is not so easy with the daguerreotype plate. 
The experiment is made by placing on the silver a few drops of acetate 
of copper, and touchiog the plate tbrongh the liquid with a pointed piece 
of zinc. The contact is continued as long as the rings continue visibly to 
increase. The rings are finer when produced by a battery of 3 to 6 ele- 
ments. The silver plate is connected with the negative pole, and the 
pointed wire from the positive pole dipped into the liquid without touch- 
ing the plate. The plate must be held horizontal, so as to hold a con- 
siderable quantity of liquid. German-silver may be used instead of silver, 
bnt the rings will not bo so handsome, for this alloy reduces copper of itself. 

[303] The beautiful colors frequently seen on bells and other orna- 
mental articles are also produced by galvanism. They were discovered 
by Becquerel, and are produced in the following way : Dissolve 1 part 
caustic potash in 5 or 6 parts water, and add an excess of finely pulverized 
litharge ; boil the mixture half an hour in an earthen pot, stirring it con- 
tinually; filter the liquid and preserve it in close vessels. Pour the 
liquid in a brass or leaden vessel large enough to hold the article to be 
colored, connect the latter with the positive pole of a battery, of 3 or 
more elements, immerse it in the lead bath, and connect the vessel with the 
negative pole. The precipitation takes place so rapidly that when the 
current is strong, it is not always easy to stop at the desired color; it is 
best, therefore, to use a feeble current With brass, the wire must be 
placed in contact with the cell, and the article introduced slowly, edgewise. 
It is advantageous to gild it lightly beforehand. 

To produce the rings distincly, so as to recognize the succession of 
colors, immerse in the liquid a plate of German-silver laid on a spiral 
wire, connected with the positive pole, but not in contact with the metallic 
vessel. Hold a round platinum plate, connected with the negative pole, 
opposite the center of this plate. 
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[303] Magnetic effects of the current.— To iiinstrato the 

action of the galvanic current on the magnetic needle, fasten to boards 
two copper wires bent as in %. fiOS, with the plane of one vertical and of 
the other horizontal. Place them with the vertical plane of the one and 
the sides of the other in the plane cf the magnetic meridian. Hold a 
Fig. 60 1. 





magnetic needle above and below the horizontal, and beside the vertical 
parts of this current. Hold a short dipping needle near them in the same 
manner. The needle represented in fig. 607 is very convenient for this pur- 
pose. To render Ampere's expression of the law of deflection more 
distinct, little jointed dolls with the left arm extended may be fast-ened in 
(he direction of the current, so that they can be turned about. Turn the 
face of the doll each time toward the needle. 

[304] Tlie galvanometer. — Besides the simple compass described 
in g 299, accurate measuring instruments should be described: these are 
the multiplier, the tangent compass, and the compass of sines. All these 
instruments require a firm support, such as a bracket on the wall, not 
connected with the floor. Short conducting wires.terminating in binding 
screws should be fastened to the wall, and the movable conductors fastened 
to these. 

The ■multiplier. There should be at least three multipliers : one with 
20 to 30 turns of wire, |^ to 5 millimeter thick; one with 100 to 200 ; 
and another with 1000 turns of very Sne copper wire, such as is used for 
wmpping strings of catgut. The construction is in other respects the 
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same in all ; they are all famished with astatic needles, the inner of which 
can easily be removed if necessary. For some purposes multipliers of 
several thousand turns are needed, but 1000 is safBcient for physical ex- 
periments. 

The wire, well wrapped witk silk, ia wound on a square wooden frame, 
like fig. 608, about 2 inches long in the clear Two opposite sides are 
eut away above and below to the thickness of 3 to 5 lines, so that the 
space within the coils will be that wide The wire is wound in layers 
between projections left standing above and below, so as to leave a slit at 
the top. The ends of the wire must project on the same side, and be tied 
so that the wire cannot nncoil, which annealed wire will have no tendency 
to do. The frame is screwed down upon a square board, a little longer 
than itself, furnished with leveling screws. The needle will come to rest 
soou if the interior of the coil be coated with foil, so that it will vibrate as 
if between two metallic plates. 

Fig. 609. 




On the upper bars of the frame is f^^tened a jilate of ivon or of wool 
covered with paper, with a giaduated circle equal m diameter to the 
length of the needle. A slit is made in tlii'i circle fi'om 0° to 180°, cor 
responding to the slit in the coil, and a line drawn at nght angles to it 
through the center. 

To hold 1000 or more turns of wire the space for the needle must be 
smaller, and the flanges which confine the wire larger. Fig. 609 repre- 
sents the frame for this. As the spaces for the introduction and vibration of 
the needle must be made very small, they should be inclosed by thin boards, 
to prevent the introsion of ihe wire. When the wire has several thousand 
turns, it is advisable to attach binding screws to the ends of each thousand 
separately; the operator has it then at his option to connect the various 
lengths so as to form a continuous wire, or a shorter and thicker wire. 
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opposing less resistance, and less sensitive. It is eonvenieat to make the 
several lengtbs of different colors. Figs. 610, fill, and 613 show the 




various combinations for 4000 turns. In very sensitive multipliers it often 
occurs that the needle recedes from the zero line, and when it is twisted 
steadily toward it, springs suddenly to the other side. This is caused by 
the presence of iron in the copper wire, and must be corrected, if neces- 
sary, by the addition or subtraction of a constant error, the determination 
of which is beyond the limits of this work. 

The needles are made of bits of thin steel knitting-needle, 3 or 3 lines 
shorter than the space within the frame will admit. They are suspended 
in the manner indicated in fig. Iil3, or fig. 614, by a single cocoon fiber 

Fig. 6U. 




an arm which is fastened to the 
smooth notch in the end of this arm. 



Fig. filo. 



wound around a screw head, 
plate, fig. 615. The fiber rests 
which must be exactly over the center of the circle. 
The needles can be raised or lowered by turning 
this screw. The upper needle serves as an index. 
There should be some means of fastening the up- 
per needle to the plate, to prevent the breaking of 
the thread in moving the apparatus. Pig. 616 
represents a simple way of accomplishing this: a 
is a brass slide which can be fastened over the end 
of the needle by the screw b. 

The eni3s of the wires should be fastened or 
soldered to binding screws, like fig. 549. The instrument is covered with 
23 
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a glass case, leaving the binding screws, of course, ou the outaide. In 

using the instrument, the zero point must be turned toward the north. 

Fig. 616. 




The upper needle should be a httle the atronger so that the visible north 

pole may pomt to the north The deflection of the needle not its first 

oseillation, ranat be taken ai a measure of the force ol the current In 

Fig 611 




the multiplier, however, and in the simple compass, the force of the current 
bears no simple ratio to tho defioctioc, as \t does in the tangent compass 
and compass of sines. Fig. 6!T represents the multiplier complete. 
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Astatic needles are apt to assume, unless one of them is considerably 
stronger than the other, some other direction than that of the magnetic 

Fig. 619. 



^ 



meridian. This does no harm in the galvanometer, provided the zero i 
the scale be placed in the direction of the needle. Thii diftiiulty ari'it 
Fiy. 630. 




from the needles not being in the same vertical plane, and is difficult tu 
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overcome ; it becomes more perceptible as the needle is more perfectly 
astatic. Perfectly astatic needles, not situated in tlie same vertical plane, 
ought to place themselves at right angles to the meridian. 

When the apper plate is made of copper, it serves as a check upon the 
vibrations of the needle, bringing it to rest sooner. 

It is very convenient to have the instrument movable on a pivot in the 
base, as represented in fig. 618, so that the position of the needle can 
easily be adjusted by turning it. It is well also to have brass pegs fixed 
in the circle at 90° and 310°, to prevent the needle from being thrown 
completely round. 

In very delicate galvanometers, the needle should bo capable of being 
raised and lowered without removing the glass case, Bore a hole 
through the top of the cover, and attach to the piece which supports the 
eooooD fiber a brass cap, represented of natural size in fig, 619, There is 
a square hole in the center of this cap, aad above a ring with two grooves, 
in which a screw nut is inserted. The 6ber hangs on a hook at the end 
of a square pin, which has a thread eut on the other end. By turning 
the nut, this pin is screwed np or down. Fig. 620 represents a galvan- 
ometer with all these conveniences. The frame for the wire is merely 
slipped between two wooden cleats on the upper board. 

[805] Wrapping the wire.— Wire less than 1 millimeter thick 
is always wrapped with silk. Thicker wires are usually covered with 
wool, or with silk ribbons made by cutting up old silk and sewing the 
strips together. A fringe-maker can wrap almost any length of fine wire ; 
but the thicker wire cannot be wrapped on small spools, and the length 
which can be wrapped in one piece depends on the room. A machine 
for wrapping any length of wire is described in the nost section. 

To splice the wires, scrape the ends and twist them together with the 
pliers. When the wires are thick, this disturbs the regularity of the coils, 
and it is better to solder them together with soft silver-solder, and file 
down the joint. The bare places are wrapped by hand. 

[306] The wire-wrapping mac]iin8.~Figures 62i, 622, 623, 

G34, and 625 represent a simple machine for wrapping endless wires. 
The same parts are marked with the same letters in all the figures, and 
figs. 624 and 635 are half the real size. 

The base A rests on feet, and upon it the board S B is fastened by a 
wooden screw and nut G, which works in a groove in the base, so that 
the board B and the wheel it supports can be slid back in order to tighten 
the band. The iron axle of the wheel S works in brass bearings. The 
circumference of this wheel is grooved for a band, and five grooves of 
varying radius are cut on the axle, The cord which carries the spool 
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aronnd the wire works iti the large groove, and that which pushes forward 
the wire in one of the smaller We will follow the latter first It passes 
from the wheel over two loUera a a sliding on smooth iron rods which 
are fixed obliquely m the hase, and fastened above by a brass band to the 
brace T. As this band is designed to be movable, it is slit so as to slip 




under the head of a screw. From the rollers a a, the band passes at 
right angles to its former course to a wheel (?, with three grooves. The 
iron axle of this wheel turns on screw points b b, the nuts for which are 
sunk in the uprights M N. Besiilos this wheel, the same axle carries an 
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iron roller covered with leather, c, and the third upright has a deep 
slit from the top to admit the asle. The roller d is of lead covered with 
leather; its axle lies loose in the slit in 0. It serves to preas the wire 
on the roller c, so that it must be pushed forward when the wheel turns 



-■^LA 




/ 



in the direction of the arrow. The wire is thns carried to tlie upright T, 
and pushed through the tube x, fig. 624, This tube x is thrust through 
a slit in the upright, and held by the shoulder y and the nat Zin auch a 
position that the middle of the wire always coincides with the axis of the 
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tube. The aptight T can also be slid in the slit e. On the other side 
of the upright the tube forms the axle of the spindle *■, in one of the 
Fig. 623. 




grooves of whiih thi l irt from the !ai.^e wheel woi 
spindle is of brass, and runs very easily on the tube, 
Fig. 624. 



ka Ihc bos of the 
being kept on by the 




tap m. Several of these taps must be provided, for the hole in it mnst 
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be very httie larger than the wire which paibes through it The spool 
B IS stuck on a smooth pin n driven into / The silk is easily wound on 
these spools on the lithe Prom the spool 
the thread, la earned over the hook o be 
ftre beiD;; attached to the wire The spool 
IS kept on the pin by a little citch p A 
fine brass wire g g is passed atound one 
end of the pool to pi event its revolving 
faster than the silk is wound on the wire 
by turnintf the pin i the fiictiun of the 
wire Lan be mcieased at pleasure The 
ratio between the revolution of the spool 
and the advance of the viire can be varied 
1 which the bands lun and the thickness of 
the wrapping varied correspond 
mgly The wire should be wound 
on a idler behind the machine so 
as to lun smoothly into it The 
wrapped wire ■should be wound in 
to coila as it comes from the ma 
chine Before being wrapped the 
wire must be well innealed 

[301] The tangent com- 
pass. — It consists of a stout cop 
per ring (2 to 3 millimeters thick 
and 1 to 2 centimeters broad ) at 
least 1 foot in diameter, and bent 
at right angles at the ends, as seen 
FtQ fi28 





in fig. 62T, instead of being soldered together The two extremities are 
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separated by a Tarnished board d, inserted in the hole in the cylinder a a, 
figs. 626 and 627, and the space filled up with blocks of wood h b. The 
cylinder a a is supported on three feet with leveling screws, and the ends 
of the copper, with binding screws attached, project between these. The 
conducting wires arc of copper wrapped with eilk, 1 meter long and 2 to 
3 millimeters thick, and twisted together so as to neutralize their influence 
on the needle. 

Instead of attaching the feet directly to the cylinder a a, this may be 

made to turn within a second cylinder c c, fig. 628, and fastened bj a 

thnmb-screwe; the ring can then be tarned independently of the feet. 

Mg. 629. 




In the copper nng is fixed a wooden fiime with ■i groove into which the 
ring fits. This frame is designed to snppoit a compass with a needle 
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only 1 inch in length and must be of t.ucli a height that the center of the 
needle «ill coincide with the center of the ring Fi^ 629 represents the 
whole apparatus with the simple modifacation of ctnying oft the wires 
parallel to each other \. needle so bhort as 1 inch does not admit of 
a more minute gradnition than to 2 degrees , and the error of parallax 
will be considered when the needle does n)t swing mneh beyond the 
pHne of the ring In fig 629 the needle is prolonged by threads of 
blaek glaas and the circle made larger It is cheaper to attach to the 
Lvliader a t\¥0 arms o t supportmg a table d rf fi^ 6^0 abont b inches 
Fig (30 




wide, and 2 inches longer than the diameter of the ring. The ring is 
inserted tJirough a slit in the middle, which is afterwards filled up again. 
A large compass, such as is described in § 319, maj be placed on this 
table, or a graduated circle of paper pasted on it, with the zero points at 
right angles to the plane of the ring. The needle consists in this case of 
a bit of steel knitting-needle an inch Jong, with a socltet like fig. 601. 
To this socket are soldered two wires at right angles to the needle, 
extending to the graduation. The needle is suspended by a cocoon fiber 
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from the top of the ring, by the cuntiivance lepieaeuted lo figs b31 aud 
632. This consists of a liloct of wood with a groove n in the top to 
admit the ring. The depth of this „ ,, „ „ 

groove IS not quite equal to the thick ■' 

ness of the ring, so that when the bar 
c is screwed over it the block will be 
held fast on the ring. The block la 
also hollowed out below, and the pin 
e thrust through it, turning with con- 
siderable friction. The cocoon fiber 

is wound on this pin, and passes through a smooth notch in the I: 
plate /, which is screwed to the bottom of the block. The apex of this 
notch must be exactly over the center of the gradnated circle. The whole 
is covered with a glass ease, to protect it from currents of air. The 
needle may be fastened by a similar contrivance to that described for the 
multiplier, or it may be hung on a little hook at the end of the thread. 
The iustrument is thus rendered more sensitive, while it may still be used 
with the strongest currents, is more convenient to read, and can bo gradu- 
ated to at most one degree. If the indes wires should be slightly bent, 
the error may be noted and corrected before the needle is deflected. 

The instrument can be read more accurately by inserting a mirror within 
the graduated circle. In reading ofi', place the eye in such a poaitiou that 
the index wire will cover its image in the mirror; error of parallax la 
thus entirely avoided. The same contrivance can be applied to many 
other instruments, where accurate reading is necessary. 

With a tangent compass constructed as described, a compass of sines 
may be dispensed with. It differs from the tangent compass only in 
being more sensitive ; but it is more complex, and, therefore, costlier. In 
using the tangent compass, place the ring parallel to the magnetic 
meridian, and level the instrument. It is level when the center of the 
needle coincides with the center of the circle, provided that the stirrup on 
which the thread hangs be properly adjusted, which must be done at first 
with the aid of a spirit-level. To fix the plane of the ring accurately in 
the magnetic meridian, the median line of the graduation must be pro- 
duced — with a diamond on a mirror — and must coincide with the middle 
of the ring. Two slits are made ia the ring for the purpose of observing 
whether the direction of the needle coincides accurately with this line. 

The delicacy of this instrument, i.e. the ratio between the tangent of 
the deflection and the real strength of the current, depends upon its 
dimensions, and should be determined by a series of experiments, by insert- 
ing at the same time a decomposing apparatus like fig. 594 or 595, and 
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colIectiDg the gas in a graduated tube. Calculate from each experiment 
the quantity of detonating gaa corresponding to the tangent 1, and take 
the mean of all ; from this it is easy to calculate the quantity of gas pro- 
duced by a carrent of any strength. In this way the data of various 
instruments are comparable. The tangent compass is a much more con- 
venient and reliable galvanometer than the decomposing apparatus, for 
the latter engrosses the attention of one observer, whereas the former can 
be read at a glance. Besides this, the decomposition of water retards the 
current, and the quantity of gas mnst always be reduced to 32° F., and a 
pressure of 76 centimeters. 

The delicacy of the tangent compass can be increased by making the 
ring of thick wire, wound several times around a wooden hoop. By 
attaching binding- screws to each turn, they may be combined at pleasure. 
The diameter of the ring ueed never be more than 10 to 15 times the 
length of the needle. 

[308] The compass of sines.— in this instrument the current is 
carried through a copper wire wound once or oftener aroand a wooden 
circle, 6 or 8 inches in diameter. 
■^W- 633 ^ magnetic needle is attached to 

this ring, so that its center coin- 
cides with the (.enter of the ring, 
&{£ 633 The ring is support 
ed on the axis of a graduated 
circle, the indet of which must 
be at zero when the coils of the 
wire ai e parallel to the m ignetic 
meridian. When the needle is 
deflected by the current, the 
ring is turned until it again 
coincides with the direction of 
the needle; the strength of the 
current is then proportional to 
the sine of the deflection indicat- 
ed on the horizontal circle. The 
delicacy of the instrument in- 
creases with the number of turns 
of the wire. It is, however, not 
available for currents beyond a 
ceitain stieii^th becausp the sines do not increase indefinitely as the 
tangents do This in=:trument is too complicated for domestic manufac- 
ture and has gone in a great meisnre, out of use. 
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[309] Conducting power and Ohm's law. — Constaut 

batteries of considerable power are required to illustrate these snbjects. 
The conducting wires may be wound on wooden spools, 1 to 1^ inches in 
diameter and 2 to 3 inches long, with screw threads, about 1 line apart, 
cut on them. Well-seasoned pear-wood is the best for the purpose. 
The ends of the wires are thrust through holes bored at right angles to 
the axis, and fastened by a plug. Thick copper wires, 3 or 4 centimeters 
long, are soldered to the ends of the wires, to protect them. Tlie copper 
wires with which the comparisons are made should be of precipitated 
copper melted down and drawn out. The difference in the conducting 
power of the metals is made most evident by winding upon the spools just 
described oqnal lengths of copper, brass, iron, and German-silver wire of 
the same thickness. A copper wire, of the same length and double the 
thickness, is also required. The thickness of the wires should be about ^ 
millimeter, and the length 3 meters. 

It will generally be sufBcient to show the effect produced upon the 
tangent compass by inserting the wires successively in the circuit. If 
more than this be required, the resistance of .the element, together with 
the compass and its condncting wires, must be determined by inserting 
the compass, first alone, then with various lengths of copper wire, and 
calculating the resistance of the element and the compass from the tan- 
gent of each inflection, according to Ohm's law, combining each observa- 
tion with the first.* But this process is too complicated for class 
instruction. The laws can be illustrated much more simply by means of 
the rheostat. 

[310] The rheostat. — This is a contrivance by which varying 
lengths of the same wire, accurately measured by the instrument itself, 
can be inserted in the circuit without interrupting the current. Buiisen's 
apparatus will serve to illustrate the use of all similar instruments. 

Buiisen's rheostat consists of a wooden cylinder, about 4 inches in 
diameter and a foot long. A screw, with threads about 1 to H lines 
apart, is cut on the surface, and brass or German-silver wire, |- to 1 
millimeter thick, wound in the threads. The cylinder is turned by a 
crank on an iron axle, to which a wire is attached leading to the battery ; 
the beginning of the brass wire is also connected with the axle. From 
the wire, the current is carried through a brass slide which fits into the 
thread of the screw, and presses constantly on the wire. When the 
crank is turned, this piece slides back and forth, so that more or less of 
the wire cac be inserted at pleasure 

* By combining all together we obtain numljecs gveater according to the length 
«f wire inserted, because the polarization cliangea. 
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Figs. 6154 and 635 represent tiiis apparatus, 4 the real size, except the 

threads, which, for the sake of distiactaess, are made 4 times too large. 

Fig. 634. 




The current is introdnced for instance through the clamp / pisacs 
thrtagh the iron axle and from tliis to the wire at b From the wire it 
pafeiea to the elastic piece of brass which slides upon the biass ro3 ? c. 
An index fixed t one end of this slide indicates the number of turns 
between it and the end of the wire at b The 
-^" ' "' slide IS pushed forward by a small bkct of w od 

with trto a three threads Cttmg thise of fhe 
cjlmder Fig G3l represents thi slide 7 he rod 
'^ 7 IB loose m the frame and is> pressed af,ainst 
the cylinder by two spnngs The tube of slide is 
silt to make it more elastic 

The primary design of the rheostat is to render 
the loroe of the ( urrent constant w hen the resistance 
01 the } owci of the element changes 

Any other resistance may be expressed in terms 
of the length of rheostat wire required to pioduce 
the same eftect b( placing the index of the rheostat at zero inserting 
the resistance and notingits oSect on the ompass and then after remov- 
ing the resistame tuinit g the rhec tat until the needle is defierted to the 
same degree The conducting poaer of different kinds of wire of the 
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same length and thickness will be inv ely p l t on d t th 1 ngth 
of the wire of the rheostat required to p odu the me eff t thus 
obviating the uncertain determination and t d u al nlat n f the 
resistance of the element. Ohoi's lawmaybe 11a t ated nthesameway 
by inserting successively wires of varying length and tiiickness. 

The conducting power of good copper has been shown by these experi- 
ments to be almost four times that of the best brass ; and, therefore, as 
the price of copper is not more than one-half greater than that of brass, 
it is cheaper to use the former for all galvanic apparatus. An advantage 
is also gained by being able to use finer wire, which is easier to handle, 
and occupies less space. The size of the wire is of still greater importance 
when it is wrapped with silk, a wire of double thickness requiring twice 
as much silk. Wires of from 2 to 3, 1 and ^ miDimeters thickness, will 
be sufficient foi almost every purpose 

[311] Measure of resistance — The stindard now generally 
assumed for the neasire of resistance to the gahanio current, is the 
resistance of a copper wire 1 metei Ion,, and 1 millimeter thicli. The 
coppei mast be chemically pure and not stirred with an iron rod during 
fusion It IS not necessary thit the wire should 1 e exactly 1 millimeter 
thick if its size be acLurateJy measured This can be d i e with most 
certainty by means of a marometer strew nnder tl e micruscof e. If the 
length and thickness of the wire coded on the tylmder of the rheostat be 
known it i^ easy to cilculate its resistance in ttrm >f the given unit, 
wl ich should be wntten on the cylmder 



Fij &d7 



In manj espeiiments it i 
necessary to insert quickly a 
given resistance in the circuit 
for this purpose Eistnlohrs 
column of resi'itance fig 637 is 
very convenient It consists f 
a cjhnder of mahogany or 
other wood saturated with oil 
\amish m whi h abont nine 
nngs are cut The spaces be 
tween these iings arc Uund 
with brass bands and a little 
brass bar turning on a screw 
made to extend from oi e to 
the other as represented in the 
hgure these bar-t must I e 
slightly bent so as to press with some force on the bands Wrapped 




d by Google 



368 PHYSICAL EXPERIMENTATION. 

wire, whos tan k w w ncl n th g ti h t t 

length cont j,th mlt nmbftm 

which is ma li d n th Inn Th I n th f tl 1 f n tl 

: gr na frmltOtUndf Iwiae 

1 to th tw a t b nd , th npi ba d b g t d w th 

the screw a, and the lowest with b. When this column is inserted, the 
current passes through the bars, whose resistance is inconsiderable; bot 
if one of the bars be wanting, as in fig. 631, the current must pass through 
the interveniiig wire. 

[312] Conducting power of liquids.— To show the great 
resistance which liquids oppose to the galvanic current, we need only 
insert in the circuit a voltameter, and, noting the effect on the tangent 
compass, it will be evident enough, even when the electrodes are verj 
large ; in this case, however, the battery should consist of fewer and larger 
elements. 

To measure actually 
the resistance, malse a 
wooden trough, 4 or 5 
inches long, A A, fig. 638, 
and cement it with seal- 
ing-wax. In this trough 
place two movable boards 
a a, the edges of which, 




will serve as indices to 
the scale. To each of 
these boards ia attached a platina plate, soldered to a spiral copper wire, 
the ends of which are fastened to the trough. The liquid ia placed in the 
trough, and the plates placed at any convenieut distance from each other; 
after observing the compass, the wire of the rheostat is substituted for the 
liquid until the same deflection is produced. Since Ohm's law holds for 
liquids as well as solids, the resistance of the stratum of liquid can be 
calculated from the length, breadth, and thickness, when the resistance 
for the unit of section and length is known. 

(e.) EXPERIMENTS ON EIECTEO-MAGNETISM. 

[313] Electro-magnets.— These can be made at home at a com- 
paratively moderate coat. Soft, round, charcoal iron is best for the 
purpose. Have a horseshoe bar made of this, about the thickness of a 
finger and 10 or 12 inches long; after coating it with clay, heat it and 
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leave it to cool among the embers, in order to show the almost total loss 
of magnetism when the cuirent ceasei Wind copper wire, wrapped with 
silk or woo!, closely around it leaving the bend free, and pass on from 
one side to the other, making the turna on both sides in the same direc- 
tion. Asinglelajerofrtiie Fig io^9) 
1 line thick, will impart 
with a strong battery a 
very considerable attractive 
power. The armature is 
made like those of ovdinarv 
magnets, figs. 639 and biO 
To make a powerful eJec 
tro-raagnet for magnetizing 
steel, etc., prepare a bar 2 mches m diameter and 3 feet long, in the 
manner just described. The armature should be provided with a hook, 
Fig. 641. 





and its upper surface made somewhat convex, as in fig. 649. Fasten 
magnet on a stout wooden frame, like fig. 641. The post a has two ■. 
24 
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bearings for the axis of an iron lever. The longer arm of the lever is 
graduated, and carries a sliding weight of 25 to 50 ponnds. The post & 
is to catch the lever when tie arniatare is palled off. The bend of the 
magnet is let into the base, and held down by a stout bar screwed over it. 

Several layers of copper wire, aboat 3 millimeters thick, must be used, 
in order to impart to the magnet a power equal to several hundredweight. 
The ends of each layer may be kept separate, and combined at pleasure. 
It is advisable not to wind the wire directly on the limbs of the magnet, 
but on thin wooden or pasteboard spools. The spools must be slipped 
over wooden cylinders, to prevent their being crushed during the winding. 
Each layer of wire is separated by a sheet of paper. The ends of the 
spools are finally cut down to within S lines of the wire. These spirals 
can be used separately for many experiments. 

As it is difficult to bend iron 2 or 3 inches in diameter without altering 
its thieltness, two straight pieces may be connected by a short bar and 
two strong screws. 

If there be a machine-shop near by, it is best to have the armature and 
the ends of the magnet planed ; it is then easy to grind them perfectly 
even. The ends of the magnet should not be left round, but squared 
Fig 642 




off to one-half the diameter, as seen i: 
ture is made just the same width. 



642. The surface of the arma- 
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Fig. 642 represents au electro -magnet with a frame designed for great 
weights. Its poles a,re directed upward; the spirals are even with the 
top of the tahle, and can be easily taken out. 
Pig. 643 represents a section throngh the 
fastenings of the bar, which lies between the 
posts a a, which support the spirals also. 
The nats b b, wliich hold the bar to the 
base, support also the stirrup c, fig. 643, 
into which the end of the bar £, fig. 
642, is inserted; d, fig. 642, is an iron 
plate let into the base, against which B 




To exhibit the power of the magnet lay 
the armatnre, without the stirrup M, fig 644 
on the poles within the iron arch D, which 
rests on the frame ; fasten the stirrup to 
the armature by its bolt, and insert the level 
as shown in the figure. The lever lies m 
the same plane with the bar B. The longer 
arm is ten times as long aa the shorter 
Hang a spring balance on the longer arm 

and connect it by a chain and screw-conphn^mth the bai B The armi 
ture is torn loose by turning the screw the balance mdioting j'^ of the 
strain. The armature is prevented from moving any great distance by 
the projections xy om the arch, which ib itself held down by the hooli u 
fig. 642. The apparatus remains in complete order after the paiting of 
the armature. 

The poles of the magnet are made to project above a httle tible m 
order to use it in experiments on diamagaetiam 

In order to obtain the maximum effect the resistance of the battery 
mnst be equal to that of the eondnctora knowing therefore the resistance 
of one element, and the length and thickness of the wire it is a mittcr ot 
simple calculation whether the elements should be combined singly or by 
twos or threes, or used aa a single clement Let N be the number of 
elements, w the resistance of one of them I the resistance apait from the 
battery, and n the number of pairs to produce the maximum effect 

then n =-/_., and — pairs are to be combmed in one therefore ! 
\ w n 

must have such a value as to maiie — a whole number 
It is well to mark upon every such spiral the length and thitlines of 
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the wire, even though there be no present necessity for knowing its resist- 
ance; it may afterwards be required for other purposes. 

Fig. 644. 




Pig. 645 r 
separately : a 6 ai 
ig. 645. 



s an armature for testing the strength of the poles 
/ b' are iron screws, c c a thick brass plate, and d d 
a bar of heech-wood. The hook ey is made of 
brass. As the strength of the poles depends 
on the mass of the armature, the plates h b' 
must be several inches thick. 
[314] Magnetizing hard steel. — In 

i order to impart permanent magnetism to hard 
' steel by the galvanic current, wind T or 8 
meters of silk-wrapped wire, 3 millimeters thick, 
into a coil, like fig. 646. The size of the 
inner spice depends on the size of the steel ; the length of the axis of the 
coll bhould not exceed 3 centimeters. Place the steel within the coil, . 
and pass through the latter i powerful current, from Grove's battery, 
with about 41} square inches of platina, moving the bar 6 to 20 times 
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back and forward. Arrest the motion at the middle of the bar, takiug 
care that each half has been passed through tlie coil an equal nnmber of 
times, and break the dreuit If the bar be a horseshoe, apply the arma- 
ture, and do not remove it to lake ont the bar until the circuit is broken. 




This method is not advantageous, though less troublesome, unless a 
powerful current can be obtained. It is much better to employ the same 
wire and the same current to magnetize a horseshoe bar of iron, 4 or 5 
pounds in weight, and use this to magnetize the steel, with the double or 
even the single touch. The poles of the electro-magnet must be close 
together for the double touch, else it is apt to produce succession points. 
With Tery powerfai currents the double touch cannot be used, because it 
is sure to produce such points. 

[315] Electro-magnetism as a motive power.— Fig- 647 

represents a very simple contrivance for producing a continuous rotary 
motion, by moans of an electro-magnet. A circular cavity a bis made iu 
the board M N, fig. 643, and divided into two ■ tition 



Mg. U1. 
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-^< 









of some insulating substance, 1 or two lines lower than the depth of the 
cavity, and 2 lines thick. A pointed steel wire is driven into the projection 
left standing in the center of the cavity, (by seizing it with a hand- vice and 
striking this.) An iron rod, wrapped with insulated copper wire, is balanced 
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on this pivot, so as to turn freely like a magnetic needle. The bar may 
be covered with silk, and wire coiled aronnd it, keeping the turns a little 
way apart. The ends of the wire are bent downward, and dipped into 
the mercury in the cavity just deep enough to clear the partition. A 
copper wire c d connects the mercury in each half of the cavity with a 
battery. Mercury is poured into each side until the convex surface rises 
above the partition but does not flow over. A bar-magnet, about the 
same length as the electro- magnet, is fixed horizontally a little way above 
it. The action of the apparatus is evident. 
Another more complicated apparatus for the same purpose ia repre- 
). A horseshoe magnet is fixed upright on a board, and 




the electro magnet A B made to revolve above it The axle of this 
carries a wooden drum to the cucumference of which two brass plates 
are fastened with a space of about 1 line betw een them ; one end of the 
spiral is soldered to each of these platei The vacant spaces are at the 
ends of a diameter at right angles to the length of the electro- magnet. 
By means of the metalho spnngs f g & communication is made with the 
battery, until the electio magnet passes the poles of the steel magnet, 
when it is broken, and the current immediately passed in the opposite 
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direction. The friction of the springs offers more resistance than the 
wires meet in passing throngh the mercury. 
A cheap and simple working apparatus is represented in fig. 650, The 
Fig. eSO. 




electio mignet i B la Bubstitupd foi the steel imgnet The construction 
of the apparatis is evident from the draving The bin ling crews a b 
are connected with the wire of the fixed magnet, and c d with the opposite 
sides of the mercury cup. It is better to employ two separate currents 
than to send the same current through both spirals. In the latter case, 
the current must enter at a and pass out at c, 6 and d being connected. 
The figure is on a scale of 1 to 5, and it would require a strong current 
to raise the weight represented. 

[316j Tte electric telegrapll. — If a well-made working model 
cannot be obtained, the apparatus fig, 651 will serve to show how tele- 
graphic signals can be made by electricity. Two hoards, M N &iiA F, 
are fixed at right angles to each otter, and to one of them is attached a 
little electro -magnet of soft iron. A small clock bell is fastened near it. 
The ends of the spiral are fastened to M N, and connected with the poles 
of a distant battery. The wire b, which serves as a hammer, is elastic. 
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and has opposite tlie magnet a plate of soft iron. The position of this 
wire and the lenn^h of the cross piece should be such that wlien free, 
the further knob will be O'l line 
frcm the side of the bell, and the 
plate Ob line from the magnet; 
and when attracted by the magnet, 
the nearer knob will be 01 line 
from the bell. To prevent the 
magnetism remaining in the iron 
after the current ceases from hold- 
ing the hammer fast, thej are kept 
from aetuaJ contact by a piece of 
paper pasted on the iron plate. 
By opening and closing the circuit, 
the hammer will be made to strike 
the bell by the alternate attraction of the magnet and the elasticity of the 
spring A considerable number of conyentional signs can thus be made. 
The principle of the English needle telegraph can be shown with the 
galvanometer, by inserting a pole-changer, and using a very feeble current. 
[311] Ampere's stand. — a simple form of this indispensable 
apparatus, which is tolerably easy to make, is represented in figs. 652 and 
663; « 6 c are three brass plates let into a piece of hard wood, their 

Fig. 652. 





slightly convex sarfaces nsing m the middle a very little above the sur- 
face binding screws or wires bemg attached to all and a and o are 
connected with each other and with the sorew d by a wire sunk in the 
wood The middle plate is connected mth tlie screw c Two other 
plates (/ and I are fastened to the board and upon the&e two others, 
i and A turning on screws passing throut,h them and the two former; 
I and i are connected by a block of w ood fastened fay a single screw from 
bek w so as to turn freely This block may be loided with lead. It is 
evident when the plates i ^ are m the position shown and a or e con- 
nected with the positive pole and b with the negative the plate g will be 
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connected with the positive ; but if they be placed as indicated by tlie 
dotted lines, g will be connected with the negative and h with the positive. 
Iq an intermediate position they will not form part of the circuit. 

Two thick brass wires, r s and *•' s', flg. 653, are inserted in the ends 
of g and h, and fastened by nuts and screws below. These wires are bent 
at a right angle and terminate in mercury caps, which stand vertically 
over each other and about 2 inches apart. The wires are separated by 
bita of wood, and the whole wrapped with silk. The mercury cups are 
very shallow, and a hit of watch-glass is cemented with sealing-wax to 
the botom of the upper one. The caps should be both riveted and 
soldered to the wires. Before use they should be scraped bright in spots 
on the inside. 

Mg. 653. 




[318J The pole-changer — Among the numerous PDntrivinces 
f tl p rp none -^eems to the author so easdy understood as the 
n J t d nl d Those pole changers are pieferable whah do not 

q th f meicuiy 

It on n nfc to have a pole chinger mdependent of the rest of 
Ampe tand which can bp made by puttini, bmding screw s in the place 
of the wires a a d and p (flg 653) being then 'iuperfltioas In using 
the pole-changer it is important not only thit the course of the current 
should be perfectly clear but that the instrument should occupy little 
spa«e, and be easily inserted m any cucuit The pole changer devised 
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by Prof. J. Mijller, and represented in fig. 654, on a scale of ^, is admirable 
in all these respects. It consists in a wooden cylinder, turning on an iron 




axis by a crank The end? of this roller are hoand with metallic rings 
gh to which the metallii. plates i i and df aie sgldcitd on opposite 
Bidei Two of these d and i are of the same breadth as the rings ; bnt 
the other tv.o i. and / extend beyond the middle of thL roller not, how- 
ever to the other iing The four binding set en a a b in n lest upon 
metallic isprings which rub against the roller The screws a and b are 
connected with the poles of the battery and m and n with the rest of the 
circuit In the position shown in the figure, the current goes from a to 
the plite t thenee through the ring and the plate L to m, from which it 
passes through the required circuit to v, and thence through /, h, and b 
back to the battery By mikmg a half turn of the handle, the spring a will 
fall on L and the cunent «ill pass from k to n, and thence through m, f, 
h and d m a direi-tion the reverse of the former. Wheu the arm ? is in a 
Terticil position the spnngs m n rest on wood, and the circuit is, there- 
fore broken Care must be taken that the springs be quite smooth, so as 
not to abrade the plitea otheiwise the particles of metal will render the 
wooden cylinder a conductor When the plates are made of the thickness 
indicated m the figure the springs need not touch the wood. 
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By using mercury, a very convenient pole-changer can be made at a 
trifling expense. Talte a board, ABC, fig. 655, 3 inches wide and 4 in 
length, and bore in it 6 holes, 
half an inch in diameter. 
Fasten copper wires by 
staples in the positions shown 
in the figure, keeping the 
two which cross each other 
apart. Fasten two bent 
wires in a bit of wood as 
long ea the space between 

the holes 5 and 6, and across these fasten two others, as seen in the 
figure, just long enough to clear the bnard when the first two stand 
upright in the holes 1 4. The least impulse will throw this cradle from 
one side to the other. Fill the holes with mercury, and amalgamate the 
ends of tlie wires, and the apparatus is complete. The current is admitted 
at 1 and i, and goes out at 5 and 6. The arrows indicate the coarse of 
the current for the position given. 

[319] Rotating conductors. — The conductors to be hung in 
the cups s s', fig. 653, are made of copper wires, welt wrapped with silk 
at the point where they are tied together. The steel points are soldered 
to the copper, and must be brightened before using the apparatus, for 
iron in contact with copper rusts easily, especially when soldered with tin. 
For this reason the points should not be made of rery thin wire. The 
copper should be flattened, and the points both riveted and t 
The lower wire, which need not be pointed, must be exactly in the 
of rotation, otherwise the mercury will offer too muoh resistance t 
motion. The conductors, figs. 656 and 657, are made as large af 
horinontal arms of the supporting wires will admit. 



Fig. G5G. 



Fig. 651. 




To show the effect of a second current, conductors lihe figs. 658 and 
659 are preferable, because they are astatic in respect to the terrestrial 
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magnetism. The first is for liorizontal, the latter for vertical currents. 
Where the wires come together they are insulated either by shps of cork 
or by wrapping one with silk, and bound together with silk. 





Fiq G60 



s the conductors fip;s 65() and Cot wo must have two wires of 
the fhapp of Al 660 fitting into the b iding crews i e fig 654 The 
one must he bent so that the straight por 
tion will ?tind up ight between the screws 
d and t while the curve projects out 
behind the board it serves to exhibit the 
attraction and repulsion between the verti 
cal parts of the conductors Gej'i 6 Y and 
r59 the two ro Is which su[ port the latter 
not acting on them because the current 
passes m opposite direct ons m the two 
It requires a tolerably strong cuncnt for 
this expeiiment, because it has a consider 
able c reuit to traverse The second wire like fig 660 is bent so ti at 
when inserted m the screw the straight part i b will he m a horizontil 
position just below the horizontal part of the conductor fig C5T 
and G58 m order to show the efiecfc of rectilinexr mrrents c ossn ^ each 
other. 

The helix. The ordinary form is represented in fig, 661. The wire 
begins in the middle, passes from one end to the other in the axis of the 
spiral, and makes the same number of turns in returning to the center. 
The rings should not be less than 2 inches in diameter, and the current 
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muBt traverse them all in the same direction. Small rings give the appa- 
ratus more the form of a magnet, bnt they have not sufficient rotary force. 
The rings are tied with silk, at equal distances, to a slip of wood. In 
the form figured, it is difficult to make the rings neatly. It is easier to 
make the coil entirely first, tie it to the bar, and then bend the ends of 
e together, fig. 662, in the center. 




Th 
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thickness. There is less to fear from the increased weight than from 
enfeebling the current, for the resistance of the helix is considerable. 
The action of a steel magnet on the helix can be shown under almost any 
circumstances, but with terrestrial magnetism only it requires nicer con- 
struction. This action is easily seen in the conductors, Sgs. 656 and 65*;, 
because they are large. 

It should he remarked of this apparatus, that the division of the current 
between two conductors makes both branches weak, and as they are 
unequal, the result is often doubtful, unless a strong current can be pro- 
duced. It is better, in suob a case, to pass separate currents through 
the two conductors. A Grove's battery, with 10 to 13 square inches of 
platina, is sufficient for any form of the experiment; or six Bunsen's 
elements, three being used for the fixed and three for the movable con- 
ductor. 

If only limited means are at command, the stand may be made in the 
form of fig. 663 ; the two rods then attracting and repelling the rotating 
conductor, it must place itself in the plane of these rods. A single 
Wollaston's element is sufBcient for this. 

The attraction and repulsion may be exhibited well in two coils of 
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copper ribbon, suspended bj strips about 3 feet long, as seen i 
a pole-changer being inserted in one circuit. 
Fig. 663. 




rij Ofo 



[320] Floating currents. — The easiest mode of showing the 
effect uf niagnetb and terrestrial maanetibm on a mov-ible current is t> 
float the conductors Take a Wollaaton'o element 
made of 1 to 1^ square inches uf thiu ziuc SoUer 
copper wires 1 tc 2 millimeters thick to both metals 
and tie the plates together with wixed thread The 
element muat be mide as light as possible that the 
wire may be larger Aftei the pUtes an, put 
together thrust the wires thron.fh i cork bend them 
into a nng ind soller them togethei The ring 
miy be made of several turns and the ends tsDldered 
to the plates after being thrnst through thee irk 
fig b65 If this element be floated on acidulated 
■nater the nng wil! take a position at light angles 
to the magnetic meridian or parallel to a straight 
current pa'ising over it The eftect of a magnet is 
mo'.t striking when it is but little longer than the 
diameter of the nng and is held honzontallj neii 
the wire 

[321] Rotary apparatus. — Among the various contrivances for 
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producing tho rotation of a cnrrent around a magnet, or vice versa, the 
following are worthy of notice for their simplicity and certainty. 

(a) Have a tray made of zinc, like fig. 666, 
with a broad strip of copper soldered across the Fig. 666. 

middle of it, into which screw a stout copper 
wire, terminating in a mercury cup. Pill the 
tray with acidulated water, set it on a little per- 
forated stand, fig. 667, and place the steel pivot 

of the copper conductor, flg. 668, in the mercury cup, and the ring in the 
liquid. If the pole of a magnet be held in the aperture in the center of 

Fig 6b T 




the disk, as represented in fig. 66T, the rmg will begin to rotate. Instead 
of the magnet, a coil of insulated copper ribbon, about 30 feet long and 
I inch wide, may he laid around the outside of the zinc disk. The left 
side of fig. 669 represents a modification of the same apparatus. Tho 
copper band is bent Into a stirrup, by which the whole apparatus can be 
hung on one limb of a horseshoe magnet. 

(6) Tlie right side of fig. 669 represents another rotating battery. A 
wooden cup a n is slipped over the end of a horseshoe magnet, and kept 
there by a spring. This cup contains mercury, and a little cavity is made 
in the pole of the magnet in which a pivot rests, supporting several wires 
which dip into the mercury. A pointed wire from the rod in the middle 
dips into a mercury cup on the top of the pivot. A rotary motion begins 
as soon as this wire and the wire b, communicating with the mercury in 
a a, are connected with the battery. 
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(c) Fig. 610 represents the rotation of a helix arjund the pole ot a 
magnet, the poles being ctinged as explained m § 31a A horseshoe 
magnet la supported on a 
bia's tnpod which can be 
used for the foregoing appa 
ritua and m the ceiitei of it 
a brass rod b sliding m the 
tube u This rod supports 
a disk of wood with a cucu 
lar bisin for mercarj A 
lo« rim of glass ar paste 
board is fixed tround it to 
prevent the spattering of 
the mercury Each side of 
the hasin is connected by an 
amalgamated wire with a 
binding screw one of which 
IS Tisible at c The rod b 
passes through the hlock 
^vlthout communication with 
the merpuiy and has a hok 
in the top in whii'h the 
pivot of the copper bar A L 
turns freely Two coiis of 
wire s consisting of 12 to 
18 turns, arranged in 2 oi ^ 
layers, are fastened to the 
ends of this bar. One end 
of each coil is tied with silk 
to the bar, and the other 
carried, without contact, 
along the bar to the center, 
where it dips into the mer- 
cur\ The current traverses 
both coils in the same direc- 
tnn and they rotate hke an 
electio magnet when the 
bind ng screws are connect- 
ed with a battery. 
'' (d) The following appa- 

ratus produces lotary motion without the aid of a magnet. A, fig. 671, 
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Fig, 6T1. 



is a mercnry cup divided into two parts, around which is placed a riD; 

B B, formed of three layers of insulated copper wire with 6 turns i 

each, laid in a groove a a,a& seen in section in fig. 612. 

The ends of the wire are amalgamated and thrust 

obliquely through the bottom into the mercury, one on 

each side. A second ring C, exactly similar turns 

on ivory bearings around a steel rod, fig. 673, fixed in 

the center of the mercury cup. The lower bearing rests 

on a brass shoulder on the rod, and the ends of the wire 

dip into the mercury. The mercury cup is fixed on a base furaibhed with 

leveling- screws, and with binding-screws connected with the mercury 

Fij 673 





Ihe current divides itaelf pretty equally between the two rings and is 
lerersed in the movable one The axis of the inner ring might be made 
to turn with it 

(t) ihe easiest method of miking a magnet rotate by a gahanic 
current is represented in section in hgs 67i and 61 ) A tumbler is sU 
in the board MM upon the bottom of which is cemented a bit ol wood 
with a steel point in the center Foi the magnet take a bit of round 
iteel 3 inches long and 2 to 3 line', thick turn it ac(,uiate]y oa the lathe 
then harden, polish with emery, and magnetize it. Fit a cap of hard 
wood or bone a a around the pole 2f, and set the magnet between the 
steel pin below, and a screw b fixed in the brass brace c d, allowing it a 
little piay. The wire e is bent into an elastic ring, so as to fit closely 
against the inside of the glass, and amalgamated. Pour some mercury in 
25 
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the cup a a, ana enough in the tumbler to buoy np the magnet so that i( 
wil! jast float between its two bearings, and tarn very easily. The screw 
Mg. 615. 



Fig. 614. 




6 must work rather stiffly. The battery is connected with the wire e and 
the brace c d. If the cap be placed on the pole 8, or the current reversed, 
the magnet will rotate in the contrary direction. 

Some such rotary apparatus must be exhibited, and the explanatiou of 
others will serve as a good task for practice in the theory. 

(/.) EXPEEIMEHTS ON INDTTCTION. 

[322j Winding insulated wires. — When insulated wires are 
wound on spools, they should be cither wooden spools with very thin 
walls, or tubes of pasteboard with wooden disks, about 3 lines thick, glued 
to the ends. In metal spools, the ends should be 2 millimeters and the 
shaft ^ millimeter thick ; but they must be slit their whole length and the 
spaee fdled with some non-conducting substance, otherwise secondary car- 
rents will be induced, which disturb the result. In winding, a wooden 
plug must be fitted tightly into the tube, to prevent its being compressed. 
Tarnished paper is laid between the several layers, so that if there is any 
imperfection in the insulation the current cannot pass from one layer to 
the other. Imperfections of insulation should be mended during the 
winding, by wrapping varnished paper or silk around the spot. 

For experiments on tension, the wire must be varnished before winding. 
To do this without gluing the whole together is s. tedious task. It can 
only be done rapidly in the open air, by standing at such a distance from 
the spool that the varnish will dry before it roaches it. For many pur- 
poses it is recommended to varnish, moreover, each layer ; in this case no 
paper is required, but each layer must dry thoroughly. 
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Thick wires should be wonnd by hand, and require the aid of another 
person. Thin wires can be wound very rapidly and smoothly hy fixing 
the spool in a lathe. 

The ends of the wires are generally thrust thruugh the ends of the 
spools, but they ought in addition to be tied with silk. 

[323] Eibbon-COilS. — Flat coils of copper ribbon are needed in 
many experiments. The ribbon shonld be of uniform breadth, and the 
joints filed down to the thickness of the 
rest A ribbon of silk or wool a trifle 
wider is laid between the several turns, 
and the whole bound fast with silk. In 
most cases the connecting strip must be 
soldered on at riffht angles to the coil. 
A strip is soldercJ to the inside, well 
wrapped, and brought to the onter edge 
at a; here a strip is soldered at right 
angles, so as to lie flat against the f.piral, and another piece at right 
angles to this, which is bent out at h. The spiral is generally clusely 
wrapped with ribbon, 12 tarns of which a 
Mg. 677. 





[324] 1 _ 1 1 

very simply by two spirals A and J 



ilinstrated 
: 677 Each contains about 100 
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feet of well-insulated wire; and the smaller ean be placed inside the 
larger, whose walls are very thin ; for which purpose the ends of the wire 
are thrust through the handle. The cylinder B is also hollow, to admit 
an iron rod about 2 lines thick. To use the apparatus, connect the ends 
of the coil A with a galvanometer, and B with the battery, without inaert- 
iug the rod If B be quickly placed insido A the galvanometer needle 
will be deflected and again on removing Ji ifter the needle has come 
to rest. When B is left m J the utedle is deflected whenever the 
circuit is opened or clnsed The same result and even stronger is pro 
duccd by using a magnet instealof 5 The eftect cf the cod is inci eased 
by inserting the lod for the hypothetical current produced in it by the 
current in B rotates in the same direction as that in B 1 or these 
experiments the galvanometer ought not to hi^e over 200 tc 300 turns 
If handles bo fastened to A and the current in B inteirupted by a spar 
wheel or a file a Wolhston s element with tbout 13 square inches of zinc 
will give perceptible shocks oven with thi short wire 

[335] To obtain a ver\ powerful inductive action wind 1300 to 
1800 feet of well msuHted copper wire ^ to j of a millimeter m 
diameter, on a cylinder like A fig (71 Over this wrap about 100 feet 
of wire, 2 to 3 millimeters thick Attach handles like flg lad to the 
ends of the small wire which are thrust throuf,h the end of the spool 
Connect one end of the thn.kwire with the pole of a feeble galvanic 
battery, (a Wollaston s element w ith 2 oi 3 square in hes of zinc ) and 
the other end with a lile "When the other pole wire is driwn over this 
file, any one taking hoi 1 of the hindlcs with moist hands will peiceive 
very sensible shocks which will be increa ed bv inseiting t, rod of iron or 
a handle of Hires insde the cvlmder This bundle shoull be cDitnd with 
sealing-wax Fig btS repiesents the apparatus complete The ends of 
i\g. tits. 




the wire to which the handles are attached should be about 2 feet long, 
for many persons are very sensitive and injure the apparatus by throwing 
the arms apart. It is well to direct the person who receives the shock 
to let the handles drop when the shock is too severe ; though this is often 
impossible, on account of the spasmodic contraction of the hands. 
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[320] The extra current. — After aniting tae two wires, attach 
to one end a handle and a file by binding-strews, connect the other end, to 
which a handle ia attached 

in the same way, with the ^fl- 6T9. 

battery; a person taking 
hold of the handles, while 
another passes the pole- 
wire of the battery over the 
file will receive shocks from 
the extra current. Pig. 679 
represents the arrangement. 
The apparatus may be made 
mach more convenient by 
placiog the cylinder in a 
little frame, as in fig. 680, 
with two little grooves in 
the base to receive the ends. 
The ends of the wires are 
connected with four bind- 
ing-screws, like fig. 549, fastened to the top of the frame. The interrnp- 
tiona of the current can be regulated better by using a spur wheel, fig. 584, 
instead of the file. This wheel is 

u'^uilly fiatened on the top of Fig- 680. 

the frame the free end of the 
spring being m cmnectioa with 
the binding screw No 1 thiough 
wbith the current is introduced, 
and the wire connected with the 
axis, of the wheel is one end of 
the thick spiral the other end 
being connected with the binding 
ir rew No 2 The ends of the 
fine wire are connet-ted with the 
screws 3 and 4 to which the [miiiiiiiiiiinmiiiuinillimillllllllllllHflllllllllllllllll II Hill lllllll llil I, llll HI, I 
handles are attached for the ex 

penments on mduction To obtain the extra current connect two bind 
mg 'icrews by a wire so that the current will traver'ie the whole coil in 
the same direction these two screws must be marked duectly after 
making the coii for an error may irise afterwards The handles are 
then attached to the thick wire connected with the axis of the wheel and 
to the end of the fine wire which paaset. to the battery 
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[321] A very simple arrangement, called the magnetic b 
be sQbstitated for the spur wheel. Fasten the frame, fig. 680, between 
two cleats upon a board, fig. 
Fig. 681. 681, and phice the iron rod 

in the cylinder. Screw a 
piece of soft iron & which 
has a smojth shf,htly on 
vex surface to a b t of 1 ra? 
wire a about a line thick 
ani pointed at one end 
The point la amalgamated 
and a hole bored in the 
enter by which it is riveted to a copper wire e d e beaten flat at the 
pnd to serve as a spring The hammer i fi&tened to the b ard so that 
the iron will stnke about the center of the cylin ler The wire (. rf e is 
made long enough to reach the b nding screw 1 A second wire t <3 
term nating m a 1 ttle amalgamated iisL is also fastened to the board 
The spnng of the hammer is so arranged that the point just touches the 
di k h It 18 better to solder a little plate of plitina to the disk h the 
piece a b m«ty then be male entirely of iron and a httle platina tip 
soldered to it which renders amalgamation unnecessary The magnetic 
force IS also greatei m a long piece of iron and the apparatus conse 
quently Bits better and with a feebler current i curient mtroduced at 
/ will pursue the course f y hac d i, 1 and pass fiom thence to the 
thuk wire and out at 2 The iron core is thereby mignet zed and 
attncts the hammer a b this breaks the current ind the iron losing its 
magnetism the spring carries the hammer back to h 

The sime arrangement can be used for the extra current It is dine 
by attaching a handle to c f by the crew 1 connecting the two vire 
and attaching to the fourth screw the second 1 andle and the wire lead ng 
to the batterj 

[328] Reinsch has devised an induction apparatus very welt adapted 
for instruction which is leprcaented about ^ to :^ the real si/e m fig 682 
It consists of two cylinders fitting laside of each other each wripped 
with about 100 feet of wire of different colors The inner one is hollow 
also to admit a bundle of wires The board A is scre^vcd to the base 
after fastenma the binding screws from below and has an aperture just 
laige enough to admit the larger spiral The ends of the outer or of the 
luner spiral can be CDnaected with the sciews. 2 and 3 and those of the 
other together with the wues of the galvanometer or the ban lies with 
i lud 5 The circuit may be broken \y the magnetic hammer The 
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hammer and the bundle of wires may also be removed and a magnetic bar 

introduced into their place, or the outer spiral connected with the screws 

Fiq 682 




i and 5 and the galvaDometer, while the inner spiral is connected by long 
wires with the batteiy and alteimtely inserted in and drawn out of the 
outer. The epirah raay be un ted so that the current shall traverse both 
in the same dueUion and used ior obtaining the side current. Where 
the means it cummand are only moderate this apparatus is very good. 

[329] When in apparatui! is required merely for the purpose of giving 

shocks, one like tg 6S3 will answer the current being broken by means 

Fij r83 




of the magnetic hammer The ends of the spiral are connected with the 
screws a and b and the poles of the battery with a and c 
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[330] Electrical tension on the induction wire. — if 

the ordiaary handles l)e attached to the ends of the fine wire of the 
induction apparatus, fig. 681, and, withoat being brought into actual 
contact, laid very close to each other, a constant Bucceasion of sparks will 
be seen in the dark to pass between them while the apparatus is in action. 
A higher tension cannot, of course, be obtained in an apparatus whose 
parts are only separated by wood. The iron rod within the spiral also 
becomes electrical, and little sparks pass constantly from it to the ham- 
mer. If bits of wire be screwed to the binding- screws of the fine wire, 
and touched with the knob of a gold-leaf electrometer, the leaves will 
diverge, and a permanent ditergenee may be produced by lightly touching 
the vibrating wire, which cannot be produced by a continuous contact. 
Upon investigation the electricity will be found to originate from the 
opening current; and the iron core manifests the same electricity. 
Electricity is developed at the end of the outer wire only when the inner 
is touched with a conductor, and then it is of the opposite kind. In fig. 
681 the inducing wire is on the outside, 

[331] Ruhmkorf' S apparatus. — As this apparatus has been 
much talked of lately, and I know of no accurate description of it, I will 
describe one which I made for myself The form chosen was based upon 
one made in Paris for the tlniversity of Tiibingen. The changes which 
I introduced are chiefiy in the arrangement of the hammer, and the course 
of the current on the base. My design was to enable me to apply at 
pleasure the mode of fastening the hammer described by Sinsteden, and 
also to connect the condenser with the inducing wire in two different 
ways, or to omit it entirely, or substitute for it a Leyden jar. 

The spiral of the apparatus is wound on a very thin wooden spool, 
with a perforation 3 centimeters in diameter and octagonal end pieces of 
glass. Holes for the passage of the wires are bored in one of the end 
pieces, and the direction of the coil from these holes marked by white 
arrows painted on the glass. Upon this spool are wound, first, four 
layers consisting each of 80 turns of wire, 2 millimeters thick; and then 
about 30 layers of 500 turns each, of wire not quite ^ millimeter thick. 
The former is wrapped with wool, and the latter with silk, and varnished. 
Varnished paper is placed between each layer, and the two wires are 
separated by a double fold of the same, thickly varnished, and cemented 
at the ends to the glass. The separate layers of fine wire were not 
varnished, in order that this expensive material might be available for 
other purposes. 

This spiral rests on a board an inch thick, between four triangular 
pieces, which are glaed down and screwed fast from beiow, the hypoth- 
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enuse of each being notched to receive the glass plates. The spiral is 

thus held firmly and can be easily lifted up when the ends of the wires 

are detached from the binding-screws. Fig. 684 and 685 represent the 

Fig. eSi. 




side view and plan of the apparatus. The board A A can be separated 

from the base B B, (which will be mentioned presently,) but is ordinarily 
fastened to it by four screws from below. The course of the current is as 
follows : — 

Two strips of copper a a a, bb, are inserted ia the board A A, which 
are bent at right angles on the left, so that a pole-changer can be laid on 
them there ; they are also furnished with bin ding- screws, 1 2, to make a 
direct communication. The current entering at a passes into the up- 
right c, and thence to the horizontal screw d, the head of which is plated 
with platina. Prom this it passes into the hammer, which is also platina 
plated, and descends through the stem. The stem of the hammer is 
hinged by a screw to the iron pin e, fig. 686; the end of the thick wire is 
bent into a ring and screwed to the same pin, and into this the current 
passes. In order to insure a perfect contact between the stem of the 
hammer and e, a spring x, made of hard copper wire, is fastened between 
them by two little screws seen in fig. 686 ; it serves at the same time to 
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press tbe tflmmer against the screw d, and to draw it away from the 
bundle of wirea in the spiral. This spring not being strong enough with 
powerful currents, a steel spring 
/is fastened to e, the pressure of 
which is regulated by the screw g. 
The pin e ends with a square 
head and a screw, bj which it can 
1 e fastened to a plat f 
in inch wide let t th b 
A copper wire (m t n d ' 
quentlj ) bent into a t the 

end la serened m b tw n tb 
plate ill m and the t Th 
plite IS longer than *he spiral, and 
IS bent up at a nght angle at the 
other end until it comes opposite 
tl e projecting ends of the spiral 
wire Here however it consists 
an be taken off after remoring tlie 
screw o. If the stem of the hammei be ot uon the himmer 1% now in 
magnetic communication with the bundle of wires m the spiral This 
can be prevented by making the stem of the hammer of bras=! but the 
iron jn m is not entirely without effect until the other end is removed by 
the screw 0. 

The current having traversed the thick wire passes through the binding- 
screws 2 and 3 back to the battery. 

Pieces of somewhat thicker wire are soldered to the ends of the fine 
wire, and, after making one turn around the spool, thrust through holes 
in the glass plate, and fastened under little screws on the insulated balls 
h i, figs; 684 and 685. One of the knobs of the cross wires can be un- 
screwed and screwed to a pointed copper wire, so that either the pointed 
end of one wire can be directed toward the knob of the other, or two 
points or two knobs turned toward each other. 

A wire was mentioned above, which was screwed to the end of the piu 
e, fig. 686. This wire is bent twice at right angles, and lies in a covered 
cavity 4 i in the board A A, passing to the binding-screw 5, under which 
it ia bent to a ring and pressed down by the screw. There is also a 
binding-screw at the bottom of the pillar c, and the binding-screw 6 may 
be connected by a wire either with this pillar or with the screw No. 3, 

la order to obtain a shock by the secondary current, the handles mast 
evidently be attached to tbe bin ding- screws 5 and 6, which are made 
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double for this purpose. If c be connected with 6, the eeeondary current 

on opening is strengthened by the current from the hattery, but if 3 be 

connected with 6, the secondary current alone in felt 

The binding- screws 5 and G are connected with a con ^"i GST 

denser placed between A A and B B, by means of spiral 

springs of hard -hammered copper wire, fig. 6ST the e 

of which are fastened nnder the nuts which hold the s< 

B Bias, frame with a thin bottom and a projecting r 

shown in section in fig, 688. A A rests on the frame, and is held in plac 
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by the projecting nm The condenser is placed m the spate between 

It consists of a strip of oile 1 ailk 3 meters lon^ ma le of several pieces 

cemented togethei with shellac The strip is 19 centimeters wide and 

coated on both s des to within 1 centimeter of the eige with tin foil 

fastened on w th shellac It is folded 

up several times and paper la 1 between 

the fold The uppei end is cut o it as 

represented in fig 689 so that the uj. per 

sheet of fo 1 is, ti ible at a ai d a ] art 

of tl e lower it b the top sheet of var 

nishe 1 1 aper extend ng only to 711 n 

The spiral springs fiom the screws 5 

and 6 pres"* upon briss plates la d on a 

and 6 anl the condenser is thus con " 

netted with the secondary currei t by w( ith it is charged like any other 

condenser and discharged when the mam circuit is closed 

A liige battery of Ley len jars inserted in place of the condenser by 
ConneLting one coitmg with the pillar c and the other with screw No 5 
acts in the same minner as tl e coi denser though less \ owcrf lly on 
acLOunt of the tlickness of the glasa 

Tie littery emj loyed should consist of not moie than two piirs 
otherwi e the nsulatinj, layei between the turns of the fine wire may bo 
broken tl ough and the ajpaiatua permanently weikened 

Fig 690 13 a perspective view of the whole apparatus from another 
side The pole changer is left out for the sake of simplifjing the figure 
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Any pole-changer will answ 
attachment to any apparatns 



r the same purpose, bnt for permanent 
that which comes with the Paris instru- 




excels in convenience and compactness all otherb. Fig. 091 
a section, and fig. 692 a view of the side turned toward the 
spiral, but in a different 
position from fig R^l. 
It is very simple On 
the ivory cylinder a are 
screwed two copper bars, 
the screws e and 7> coming 
in contact with the axis, 
/ and g not going 30 deep. 
The ends of the asles turn 
m pillars m and n, and 
the bearings can be con- 
ti acted by screws so as to 
make the contact with the 
isle (.erfect. The screws 
which touch the axis are 
indicated by a mark. An 
insulating handle o o is 
attai,hed to the axle. Two 
binding- screws are con- 

^^ _ ^ — — _ — nected by springs p q with 

the copper bars, the pillars 

support the axle ben ^ screwed d)wn ovei two other copper bars 

t into the bi'ic ut the ipparata^ 
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[332] When the apparatus is in action, frequent sparks, from 3 to 5 
millimeters or more in length, pass between the knohs or puiuts whieh 
are connected with the ends of the fine spiral, but they become much less 
frequent, and are reduced to iesa than 1 millimeter, as soon as the con- 
denser is taken out. An examination with the electrometer proves the 
presence of free eleetricity only at the ends of the outer wire, and all parts 
of the same excite a burning sensation when touched. The contact with 
the electrometer must be only momentary, otherwise the leaves immedi- 
ately collapse ; this does not occnr, however, when a wire is connected 
with the electrometer, one end of which is wrapped with silk and bent 
into a ring, and this ring brought in contact with the end of the apira!. 



Fi^. fi93. 



Prom the character of the electricity and the 
known direction of the current and the coils, it 
is evidently due to the current produced when 
the circuit is opened. The inner eod of the 
wire shows free electricity only by the aid of a 
condenser, and it is of the opposite kind to that 
at the outer end. But strong electricity is 
developed here also when the other end is 
placed in communication with the earth. When 
this is done, no part of the apparatus which is 
in communication with either wue can be 
touched without receiving violent shocks, unless 
the person be himself insulated In oider to 
charge jars, their knobs must also be provided 
with a wire, the end of which is wrapped with 
silk. 

[333] But the most beautiful experiments 
with Ruhmkorff's apparatus, are those made in 
a vacuum. For this purpose the receiver, fig 
693, is exhausted of air as completely as possi 
ble The biromoter gauge munt fall to I oi 2 
meteis One end of the wire is connetted with 
the lower cip and the other with the sliding 
lod the connectmg wires being fastened in 
insulated knobs in which the ends of the spinl 
terminate In order to make the expeument 
very sucte sful the varnish must be removed 
from both knobs of the leceiver A splendid 

streim of reddish bght is then seen to pass from the positne to t 
negative knob while the latter is entirety enveloped in blue light, and 
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all ts surface, similar to ttose which are seen 

I n ^ ef 's apparatus. If a few drops of ether or 
1 nt Inced into the receiver before the eshaustion, 
it rrupted by dark bands, which seem to advance 
If the current be reversed the knobs also change 



col 

[334] In d t h w that the magnetism developed in a piece of 
soft iron by induction also produces a cnrrent of electricity in a spiral 
wire, take a bit of soft iron, a httJo longer than the armatnre of jour 
horseshoe magnet, round it off in the middle, and coil round it 10 or 20 
feet of copper wire, so as to form a spiral which will pass between the 
poles of the magnet without the least contact. The board A B, fig?. 
694 and 695, is cut out so as to leave the end A thicker than the rest by 
Fig 694 







the thickness of the iron ind a slit G D made in the middle to receive 
the coil, the axis of which is fastened down to the board. The ends of 
the spiral are fastened to the board, so that they can be connected with 
the galvanometer. Two small bars, m m and n n, are nailed to the other 
end of the board, between which the horseshoe magnet, p q r, can be 
rapidly pushed against the armature and torn loose from it. At each 
separation the galvanometer will indicate a current in the direction 
previously determined. 

[335] Magneto-electric macllilies. — The foregoing experi- 
ment is the basis of the explanation of the magneto -electrical machines, 
the details of which are very various. Those which are provided with 
Bteel magnets have many advantages over those which depend upon 
electro -magnets, but they are more costly. The machines of this kind 
made by Stfthrer, in Leipsic, are peculiar in their arrangement, and Eure 
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convenienl, although they have not steel magnets, becanse the magnet can 
be made to rotate by the cuirent, and tlius afford an illuatratiou of a 
machine driven by galyanism. The machines with steel magnets made 
by the same maker are worthy of notice for their powerful effect and con- 
venient arrangement. 

It is difficult to give general directions for the management of such 
machines, on account of the differences in their construction. The 
interruption of the induced cnrrent must occur nearly at the instant when 
the surface of the armatnre has passed the pole of the magnet. When 
not in use, an armature of soft iron must be laid on the magnet. In 
ordering a machine of this kind, directions should be given to arrange 
the wire coiled around the revoMng armature so that it can be used either 
as a single long wire or a short, thick one, or as it is nsnally expressed, 
so as to increase either the quantity or the intensity of the cnrrent. 
Separate armatures may be used for these purposes. 

[336] Magnetic phenomena produced by rotating 

disks. — The experiments on tliis subject are performed with the whirl- 
ing tahles To a thick copper disk a b, bg 69b, solder a piece of brass 
6, in which a screw is cut to fit the txis of the whirling table, and with 
this fcrew as a center turn the diik perfectly round and even Upon the 
itirrup of the machine described m § 117, screw a circular board A B, 
fig 69T, about six inches in diameter, with a flange cut on the edge. 

Ftg 696 




On this fit a cylinder of pasteboard hg SQs in which a disk of glass is 

fastened by rings in snch a position that when the topper disk is screwed 

to the axis of the machine Pig 698 

and the cylinder fitted over ^^i^^^^^^^^. 

it, the copper will be close .^^^9BB^^^ -^^' ° 

below the glass without 

teaching it. On the glass 

place alow stand, fig. 699, 

supporting a magnetic 

needle nearly as long as the diameter of the copper. A rapid rotation 

of the copper in its ease will cause the needle to rotate in the same 
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direction. The effect of differeut disks is very uneqaal, even whea cut 
Lear each other from the same piece of copper. Saw out radiating 
notches in another copper disli, to show tho woU-Icdowb effect of tliis. 

(g.) EXPEEIMENTS ON DIAMAGNETISM. 
[33T] For the experiments with bismuth and other solid bodies, attach 
to the poles of a strong electro-magnet pieces of iron, such as represented 
in fig. TOO. Thej are pierced at exactly the same height to admit iron 
cylinders, pointed at one end, about 2 centimeters in diameter, which 
slide easily in the holes and can be fastened by screws. By this means 
the poles of the magnet can be brought within any distance of each other. 
The poles may be covered with a case made by pasting together pieces of 
window glass, fig. "101, and resting on a strip of velvet pasted to tho table 
which surrounds tho poles, figs. 641 and 642. A hole is bored in the top 
of the case, through which a glass tabe, 6 to 8 inches high, is fitted by a 




wooden cap. This tube is not cemented in, bat both the upper and lower 
caps lined with velvet. The upper cap has two projections, through 
which a pin is thrust. On this pin is wound a fiber of silk, with a little 
hook at the end. 

[338] The substances to be submitted to the action of the magnet are 
attached to cocoon fibers, of about ^ to f the length of the tube. The 
hook is let down inside of the box, the cocoon fiber hung on it by a loop 
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and drawn up again. By moving the box a little, the object can easily 
be brought in a straight line between the two points, and its position of 
equilibrium may be changed at pleasure, by turning the upper cap. The 
points must be far enough apart to admit the asis of the object between 
them, without touching. The substances experimented on should be in 
the form of bars, abont 2 centimeters long, tied to the cocoon fiber. 
There should be bars of copper, iron, platina, wood, etc., a little rhombo- 
hedron of Iceland spar, a prism of tourmalin, and especially a bar and a 
little ball of bismuth, as free as possible from iron, thongh even the 
ordinary commercial bismuth can be used. Bars of bismuth are easily 
made by dipping a glass tube, ^ to 1 line in diameter, in the melted metal 
and sucking it in quickly. The glass tube is then broken, if the expansion 
of the bismnth baa not already broken it. A bit of one of these cylinders 
may be filed into a ball. 

These experiments require a powerful current, but the repulsion of the 
ball of bismuth from the line of the poles, and the equatoria] position of 
the bar can be shown with on electro-maguet which will support only a 
few hundred-weight. For the experiment with the ball of bismnth, the 
poles must be brought so near each other as just to admit the ball freely. 

{h.) EXPERIMENTS ON THEEMO-ELECTMCITY. 

[339] Electrical currents with one metal.— «. Connect 
with the galvanometer two copper wires, one of which ends in a little 
plate; a current will be produced whenever this plate is warmed and 
tonched with the cold end of the other wire. 

b. Take a platina wire, several inches long and ^ to 1 millimeter thick, 
bend it near one end into three or four spiral tarns about a hue in 
diameter, and connect it with the conducting wires of a galvanometer; 
by warming the spiral with a spirit-lamp a current will be produced 
which will pass from the spiral toward the cold part of the wire. 

c. Heat one end of a steel knitting-needle to redness, connect it with 
the galvanometer, and heat the spot where the soft and hard steel join ; 
a galvanic cnrrent wUl pass from the soft to the hard part The current 
may be maintained by moving the lamp toward the hard portion, so as to 
keep that part which is in the flame always red hot. A current may be 
produced with a needle which has been entirely softened, by moving the 
flame along the needle in the same way; the cnrrent passes in the 
direction iu which the flame moves. 

[340] Currents produced by different metals. — For 

this purpose two elements are especially needful: one of copper and 

26 
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bismuth, the other of copper and antimony-glanee. Cast two bars of 

these metals, about as thick as your finger and 3 inches long, in paper 

moulds, and file them bright; the mould for the antimony-glance must be 

thickly wrapped. Then bend two bits of copper wire or ribbon twice 

at right angles, and solder each with tin, as shown in 

fig. 702, to one of the bars. The atrip intended for 

'^' ■ the bismuth must be previously tinned, for the bismuth 

^^ ^"" "= ^ will not bear heat sufficient to cause the solder to run on 

^^^^^^^^£ the copper. It is convenient to fasten beforehand a 

^^^^^^^"^ needle point in each strip and each bar, to support 

little magnetic needles. 

lu experimenting, set magnetic needles on the elements and place them 

parallel to each other and to the magnetic meridian, on a wooden stand, 

with one joint of each projecting. On applying heat to the joints with a 

spirit-lamp, a considerable deflection will be seen, in opposite ilirections 

in the two elements. 

[341] The thermo-pile. — As this is ordinarily used only in con- 
nection with the galvanometer as a thermoscope, it must be made on a 
small scale, so as the more rapidly to assume the temperature to which it 
is exposed. The elements are made of bars of antimony- glance and 
bismuth, cast in iron moulds, and shaped with a file as represented of 
natural size in fig. 703. The bars of antimony- glance must be tinned on 
both heads with very soft tin solder, because they, like copper, do not 
take the tin without considerable heat. The soldering must bo done with 
an iron, on account of the exceeding fusibility of bismuth. The bars may 
be held between spring forceps made of wire, like fig. 704, and the spaces 
Fig. 703. Fig. 704. 



between the bars filled with bits of wood, which may be left there to 
impart greater solidity to the pile, but they must not extend over the 
joints. The vertical rows of 5 pairs each are first soldered, and these 
united when all the layers are complete. The end pieces of each row 
Fig. 105. Fig. 706. 

must have an offset at right angles to the bar, like fig. 705. Pig. 706 
represents the combination of the end pieces of two vertical rows. When 
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the pack of 30 or 25 pairs is completed, lay it in a round fir square ca^e 

of brass, having Erst soldered to the middle of tbc hrat and Ust liars =hcrt 

copper wires, which pass through two holes in the ca'^e These holes 

Bhonld be mounted with ivory for better insulation and the ends of the 

wires provided with permanent bin ding -screws The vacint spaces are 

filled up with pla,ster of Paris, which is afterwards 

scraped away so as to leave the ends of the bars -^'l' 107 

free, and these are then blackened. Fig. 'TO'I repre 

Bents the pile complete and with a double case 

because for certain purposes a funnel-shaped cap 

must be fitted on, sometimes to exclude extraneous 

rays, sometimes to condense the rajs of heat. This 

conical cap must be polished on the inside not 

blackened, as is sometimes done. It must have a loose 

fitting cover. A tube of the same width, blackened 

within and also fitted with a eoTer, is slid over the 

other end of the case. As all this is easier to make when the case which 

incloses the pile is round, it is usually made in this form and also pio 

Tided with a rod fitting iu a stand so that it can be adjutjted to any 





height Pig, 108 represents the apparatus complete In fl,f Tufe the 
tube of the stand is slit, and is furnished with a slightly conicil sciew and 
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a nut, by which the rod can be clamped tightly. Fig. 709 is an enlarged 
view of the arrangement. The conductors shonld be spiral copper wires, 
which are yielding enough to prevent the appaiatus from being overset 
by an accidental jerk. Connecting wires of this kind are useful in many 
other cases. This work requires a great deal of patience, for soldering 
these thin pieces is a delicate matter ; if jou have them soldered yon 
must watch closely that the proper order is observed. It must be 
expected that many bars, especially of antimony-glance, will be broken in 
the operation; a good supply must therefore be provided. If great 
delicacy be not aimed at, the work may be rendered very easy by taking 
bars about 4 square lines in cross section. A galvanometer, with few 
turns of thick wire, should always be used. The use of the apparatus 
comes under the subject of heat. 
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CHAPTER VII. 

ESPEEIMBHTS ON HEAT. 

(a.) EXPERIMEITTS ON EXPANSION. 

[342] The thermometer is based upon the expansion of matter by heat. 
As this instrumont is so constantly used, and with all care In handling 
one will be broken occasionally, there is the more inducement to acquaint 
one's self with the construction of them, good thermometers being rather 
expensive. 

[343] Construction of thermometers.— (a) Selection of 

the tuies. These are had from the glass-house, and only 5 or 6 feet 
takea from the middle of the tubes, which are drawn 15 to 20 feet long, 
although this enhances the cost. As soon as they are made they are cut 
into lengths of 1^ to 2 feet, and sealed at both ends. Por ordinary 
purposes, glass tabes with flat bores have obvious advantages; but for 
making very accurate thermometers I would always prefer round tubes, 
because they can be tested more exactly. This operation is performed 
by sucking into the tube a column of mercury abont an inch long, and 
moving it by gentle agitation along the tube, carefully comparing its 
length in different parts with the original length. Having in this way 
found a part of the tube of uniform size, if it be only 3 inches long, mark 
it by tying waxed thread around it and break it, so that the glass wasted 
in blowing the bulb may be takea from the uneven part. The operator 
will soon learn by unpleasant experience that uniform thermometer tubes 
are very rare. T'or ordinary thermometers this is of little importance ; 
the inferior tubes may be used for house -thermometers, which need not 
range above 100° F., and may bo graduated to this point by a standard 
thermometer. Thermometers for ordinary physical purposes may also be 
made from the inferior tubes, and the limits within which they are correct 
marked on them. 

In sucking up the mercury, moisture is very apt to be introduced into 
the tube, and it is almost impossible to get rid of it. The only means 
likely to be at all successful is to heat the whole of the tube except the 
bulb, and then heat the bulb, the air from the latter driving out the vapor. 
If any other impurity enter the tube, it may as well be thrown away at 

(405) 
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once. Instead of sucking up the mercury with the mouth, it may be 
done by tying tlie tnbe in the mnuth of a thick india-rubber bottle, 
squeezing the bottle together and inserting the other end of tiie tube in 
mercury; the elasticity of the india-rubber will draw up enough. 

(6) Preparation of the lube. After sealing and thickening the tube 
at one end, a bulb is blown on it according to the directions given under 
that head. Care must be taken not to introduce moisture into the tube. 
As this will sometimes happen with all the pains that can be taken, some 
recommend fastening an india-rubber bottle to the end and blowing the 
bulb by pressing this. It is much better to close both ends, 
Fig. 110. teat the whnle length of the tube, and then insert one end in 
the flame and allow the elasticity of the confined air to raise a 
small bulb. The other end is then opened, closed again after 
cooling, and the operation repeated until the bulb is about 2 
lines in diameter. The flame is then directed against the end 
so &% to burst tiie bulb there ; the orifice is widened with an 
iron rud, and strengthened by melting dnwn the rim. A glass 
tube, 1 to I^ lines in diameter, with thin walls, is then welded 
on and the joint blown out somewhat. A bulb can now be 
blown ou the other end without introducing any moisture in 
the tube. The tube when completed has the form of fig 110, 
and is prepared in the best possible way for filling. The siae 
of the bulb may be determined by comparison with another 
thermometer. 

If the tube requires a bulb more than 4 to 5 lines in diam- 
eter, a cylinder, 3 or 4 inches long, should be weided on, as 
directed above, and the joint blown out hut little, or not at all. 
The superfluous glass is then melted off. Thermometers with 
very stout tubes often have a cylinder of the same size, so that 
the instrnment can be thrust through a cork, the scale being 
'•'^ etched on the tube, 

(c) Filling The mercury is first freed from air by boiling, then 
agitated with dilate nitric acid, washed with water, and dried with 
Fig. 711. blotting-paper. If a tube has not been welded on as above 
described take a little glass funnel, or a tube drawn out as iu 
fig 111 wiap the end of the thermometer tube with paper, 
and stitk it in the neck of the fannel. Pour the warm mercury 
through a paper cone (§ 43, 4) into the funnel, and then heat 
the wjiole tube and bulb over a spirit-lamp, by which the air 
will be expelled and mercury forced in on cooling. Heat the 
tube igain and bod the mercury in the bulb; by this means 



d by Google 



PHYSICAL EXPERIMENTATION. 407 

ncaily all the air will be expelled The bulb mubt Dot be lemuKii aud 
denlj from the flame for the sudden influx of mercury mifeht break the 
tule A little bubble of air usually adheic to the bulb at its lunction 
with the tube but the thermometei la allowed to cool so as to fon,e in 
as much meicuiy is possible &ow heat tl e thermometer m a vertical 
position and the expansion of the mereurj will dr ve the an bi bble up 
the tube As so n as yon think that the mercury below the bubble his 
reached tie end of tie tube remove the lamp and watrh whetlei the 
bubble diawi back into the tube If it d es s heat it still higher and 
stir about the end of the tube iv th i knitting needle All tl i is much 
easiei with the tube shown in fig "10 in which the tnercuiy cin he boiled 
and the buible it. never out of sight If after all a minute lubble of air 
should remain it v, ill do no harm j rovided it be not large enough to be 
visible before the tube is clDsed for the removal of the exterml jiessure 
of the air will cause it to eipnnd 

When the tube is perfectly cool pour the mercury out of the funnel and 
expel a drop or two from the tabe in order to determine by a preliminary 
experiment thlgtKft dg 1 yth mk pj 

mind how y w 11 g th It t th I ^th f th t b 

Ordinary th m t h 11 1 t f m t 40 F b 1 
but in orde t b 

tent with 10 i 1 w 
high as 64b F T k 
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Gspel or add ro y 1 1 th t p f tl 1 m t d t t 1 
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tube is filled in the same way as with mercnry, or else drawn out to a 
point and immersed in a capsule containing spirit of 60 or TO per cent, 
as shown in fig. 112. 

Fig. 112. (*^) Closing the tube. When 

the quantity of mercury is 
regnlated, melt off the funnel 
and draw out the tube to a 
fine point. Now heat the 
thermometer until a drop of 
mercury appears at the capil- 
lary aperture, then withdraw 
the bulb from the flame and 
insert the point. It melts 
quickly, especially with the 
aid of the blow-pipe. The 
mercury contracts and leaves 
a vacanm above it. The 
end of the tube should then 
be rounded in the flame, and, 
if it is to be attached to a 
bent over, as seen in fig. 113. If the column of mercury should 
hy an air bubble after closing, fasten the thermometer to a 
string 3 or 4 feet long and swing it in a circle; if the 
tube be not too narrow the centrifugal force will cause 
the mercury to unite, and the little bubble of air above 
it will do no harm. 

the thermometer with or without an expansion of the 
:e of the external 
exhausted thermometers causes an elevation of the iteezing point 
by compressing the bulb so as to make it necessary to wait 2 or 3 months 
after closing the tube before graduating the instrument, in the same way 
the inclosed air becoming compressed when the thermometer is heated, 
lowers the boiling point. 

Spirit thermometers are also freed from air. They will still, however, 
bear the temperature of boiling water, the pressure of the vapor prevent- 
ing the fluid from boiling, unless the bulb is very thin. The size of the 
tube renders it very easy to remedy the separation of the column of spirit 
by swinging. 

(e) Determination of the Jixed points. The freezing point is fixed 
by immersing the bulb and tnbe as far as the top of the mercury in a 
mixture of ice or snow with a little water. Tie a waxed silk thread 




To leave 
upper end is very objectionable; for just as the pi 
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around the tube, and, when the mercury remains stationary, slide the ttread 
along until its !ower edge is tangent to the top of the column. This point 
may afterwards be marked with a scratching diamond. It is well to do 
this when the temperature of the air is but little above freezing. The 
boiling point is determined in a metallic vessel like fig. 114, whose long 
neck has two apertures for the escape of the steam. The thermometer 
should be thrust through a cork so as to slide easily, and the cork fitted 
in the neck of the vessel, in which the water has been boiling for some 
time. The bulb must nearly touch the boiling water. The lower part 
of the vessel is made of copper, and the upper part, which need not be 
narrow, is soldered la with zinc and set by a projecting flange on the 
retort stand, fig. 115, which is needed for so many other purposes.* 
m.g. US. 



Fig. 114. 




Heat miy he apphed either by a gas or spirit flame. The tube is 
frequently drawn a little way out of the vessel, and tlie thread, previously 



* The slide loay be triangular although the rod ia round, but tbe t 
aliraja act against a brass plate which presses on the rod. 
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Fig. Tie. 




[amond. The boiling 
ide-necked glass flask, 
re in the water and 
ilh a cork, which has 



tiecl around it, moved by a rod to the top of the column as before. When 
the point is permanently fixed, mark it with t 

point can be determined in a wid 

by placing a spiral coil of win 

closing the neck of the 

an aperture for the tliermometer and a bent tube for 

the escape of the steam, fig. 616. 

In fixing the boiling point, the pressure of the 
air must be observed, the boiling point of thermom- 
eters being reduced to a pressure of 16 centimeters, 
or 336-0 Paris lines This correction must be made 
by a table of the pressure of aqueous vapor at 
different tempeiatures, but as the height of the 
barometer is not so vtry variable it is enough to 
know that when the birometer stands at 10 1 centi 
meters water bmls at ^b° C and at 13 3 at 91° ( 
the intermediate piessurts being proportional to 
the temperature For mstanee if the barometer 
stood duiing the determination of the boiling point 
at 13 5 centimeters the point found wnuM corre 
spond not to 100 but to 98 1 and the space betHcen 
it and the freezing point must be div ded ac orl ngly A shorter (and 
for most puiposes sntficiently accuiate) methol s to deduct from 100 
Fig. Tit. 0*0318° Centigrade for eve y m 11 n eter hich the barometer 
stands below 16 centimete a anl for e e y Paris lino below 
336-9 deduct 0-0881° 0. In the e reduct ons tbe height of 
the barometer is supposed to be re lueed to the freezing point 
(/) Scales. For ordina y use t s be t to make the scale 
upon paper, the Centigrade and Pahrenheit side by side. 
The division may be performed either with the dividing 
machine, fig. 149, or with a pair of diridera by hand. Roll 
this scale over a thermometer tube, and slip it in a glass tube 
about as thick as a lead pencil, with a glass brace as wide as 
the thermometer tube at the bottom, like a, fig. HI. Thrust 
the thermometer up to the bulb through this brace, and then 
make the fixed points of the paper scale correspond with 
those on the tube. Drops of sealing-wax having been 
_j3 previously attached to the top and bottom of the paper, heat 
E the tube until these melt, then seal the tube at the top and 

^^^ weld the end of it to a piece already attached to the ther- 
|A mometer tube at b. The tube which contains the scale must 
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not be too large, otherwise it renders the instrument too balky when it is 
to be immersed ia small quantities of fluid ; for the same reason, small 
thermometer tubes are preferable. The thermometer and 
scale are often inlosed in another tube so as to leave only -f'S- T^^- 
the bulb projecting, as in fig. 118. This is a difflealt oper (F\ 



ation, and though very useful for some technical purpoies 
does not admit of great accuracy. 

When the scale is made of wood, brass, or ivory, a hole 
must be made in the top to receive the hook, fig. T13. On 
ivory the lines may be blackened with indian-ink, and the 
scale scraped over with glass. Brass is warmed and coated 
with black sealing-wax ; when cold it is again ground with 
water and then varnished with shellac, or silvered. 

The scales of spirit thermometers accord well enough with 
those of mercury below the freezing point, but above this 
point the observations must be con-eeted by a special table 
unless the scale has been regulated for every ten degrees 1 y 
a mereupial thermometer. 

(g) Scales etched on glass. It is often desirable to hive 
the scale upon the thermometer tube itself. Scratching the 
lines with a diamond renders the tube liable to break ; it la 
better to etch them with fluoric acid. The scale is first 

drawn on paper, transferred to the glass in the manner described in § 32, 

and then etched. 

[344] Leslie's differential thermometer.—Take two ther- 
mometer tubes about 1 to 1^ millimeters 

wide and blow upon them two nearly equal 

bulb« 2 to 3 centimeters in diameter One 

of the tubes should be cahbred (§ 43 a ) 

The cahbred tube should be long enough to 

form one vertcil hmb of fig 119 and the 

other tube to foim the other limb and the 

cross pieie Weld the tubes together and 

with a pointed fian e and a little glass rod 

draw out some point of the horizontal part 

mto a fine tube Bend the tubes is shown 

in the figure an I waim the hullis so aa to 

draw m enough ulphunc acid colored with 

cochineil to fill one vertical limb and the 

horizontal part Seil the opening and 

mount the tube on a stand with a scale divided into linea foi the cahbred 



Fig 11'* 
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limb. If the tube be not ealibred, there must be a scale for each limb. 
Distribate the air by heating one bulb or the other, so that the liquid will 
stand at the same height in both limbs when the bulba have the same 
temperature. Blacken one bulb with indian-ink when it is to be exposed 
to radiant heat. This instrument is only used as a thermoscope, although 
the scale can, of course, be made comparable with that of the mercurial 
thermometer. The instrument is more delicate when filled with colored 
spirit of wine and nearly exhausted of air by boiling. 

[345] Rutherford's maximum and minimiun ther- 
momotors. — Wider tubes are taken both for the merenrial and spirit 
thermometers than ia usual The former should have a diameter ^ to g 
millimeter, the latter 1 to 1^ millimeter. The scale, which is graduated 
by a standard thermometer, ranges usually from — 35° + 100° P. A 
bit of wood is perhaps preferable to the steel index, because the steel 
after long use sometimes adheres to the mercury, and of course does not 
fulfill its design. The glass index in the spirit ther- 
Mg. T20. mometer consists of a slender tube of black glass, 

-r— -n swelled at both ends, and so adjusted as to sink slowly 

in the =«pirit Fig, T30 represents this index, magni- 
fied tWlLC 

[S46] Expansion of solids. — This is frequently measured by 
jn'^lrumenta called pyrometers whith consist of a metallic rod, one end 
of which IS fixed and the other acts against a system of levers or cogged 

Fiq 721. 




wheels The former is preferable Fig 721 represents an instrument 
of this kind and the mode of heiting the bar by a spint lamp Such a 
contrivance evidently cannot be used to measure the heit but only to 
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exhibit the fact of the expansioa.* This is usually shown by a metallic 
ball, which when cold fits accurately ia a metal ring, but when heated 
will not pass through it. Such a ball is easily 
turned, as it need only be round in one direc- 
tion. The ring is mounted ou three feet, fig. 
122. 

To show the unequal expansion of different 
metals, fasten together a slip of iron and one 
of brass, about a foot long, ^ inch wide, and ^ 
line thick, by rivets ^ an inch apart, fig. 123. The 
compound bar, though straight when cold, bends 
when heated. Soldering the bars together 
leaves them perceptibly crooked even when 
cold. 

In a gridiron pendulum of zinc and iron, the 
zinc rods must be /y, or, according to others, 
75 of the length of the pendulum from the 
point of suspension to the center of the ball. 
A couple of zinc rods is enough. The rods 
may all be riveted in the cross bars, except the 
middle one, which supports the ball, which must 
be screwed into the last upper cross bar ; the work thus becomes very 
simple. The ball is made of two spherical s 
Fig. 123. 




! between filled with lead. It may 
It is most convenient to fasten it to the 
1 hole bored through the centers of the 



together with silver, and the s 
afterwards be turned on a lathe, 
rod in a horizontal position, by a 
two disks. 

The constniction of metallic thermometers is very difScult, and too 
often those obtained from good instrument -makers are inaccurate. They 
are usually too dull for almost any use, because they are inclosed in glass. 

[34"!] Expansion of liquids. — If the experimenter does not 
wish to confine himself to the exhibition of the fact, with a mercurial or 
spirit thermometer, but to show the expansion of other liquids, the vessel 



* Experimental meaeurements of. the expansion of Iiodies, whether solid or liquid, 
are not suited for instruction, since, apart from the loss of time, all the n 
precautione cannc 
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represented in | or § the natural size in fig. 724, is very well adapted for 
the experiment. It is made of glass, and has a mark on the neck at a. 
It is filled with the liquid by warming it, and left to cool ; the liquid is 
then removed from the funnel by means of blotting-paper until the surface 
coincides with the mark ou the neck. The application of heat causes it 
to rise in the funnel again. The apparent expansion of the liquid can be 
easily determined by filling the vessel up to the mark at the freezing 

Fig. T25. 





point, weighing it, and ailer heating it to a certain degree in water and 
removing the excess above the mark, weighing it again. The tare of the 
vessel must be deducted from both weights. To ascertain the actual 
expansion, the expansion of the glass must be taken into consideration. 
If a vessel of this kind is not at hand, it is easy to make one out of a 
glass bottle and a tube, as shown in fig. T25. 

The expansion of water may be shown independently of the glass, by 
the apparatus fig. 126. It consists of two tolerably wide glass tubes, 
closed with a cork at one end and connected by a small bent tube. The 
whole system is fastened upon a board, with a scale graduated to inches 
and lines. The tubes are first half filled with cold water, and hot water 
then poured into one of them so as to run down the side, until both tubes 
are nearly full. The warm water will always stand 3 to 4 centimeters 
higher than the cold. The experiment succeeds better when the small 
tube is provided with a stop-cock, which is not opened until both tubes 
are filled with water. The small tube can easily be welded to the large 
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ones, instead of being fastened with corks. Tlie small tabe may also be 

long enough to pass throngh the corks nearly to the top of the larger 

ones. The smaller is then 

filled with colored water, one ^'J- ^ 2^- 

of the large ones with pure 

hot, and the other with cold 

water. 

[348] Maximum 
density of "water.— To 
demonstrate the fact, take a 
stout thermometer tube, about 
1 millimeter in bore, and blow 
on the end of it a bulb 4 
centimeters in diameter. Fill 
this thermometer with distill- 
ed water, and seal it when 
free from air. Any bubbles 
which show themselves may 
be easily brought by swinging 
into the upper part of the 
tube. Nest, tie two waxed 
threads around the tube, 
plunge it in melting ice, and 
move the lower thread after 
the water as it sinks, until it 
begins to rise again ; when it 
ceases to rise, place the 
second thread at the top of 
the column. The bail may 
be removed from the ice to 
the hand, in order to show to several persons at the same time that 
the column of water sinks, rapidly at first and then more slowly, antil it 
reaches the lower thread and then rises again. When the water has 
risen above the upper thread, the bulb may again be plunged in ice in 
order to show this important fact to all the audience without unnecessary 
loss of time. The expansion of glass need not be taken into consideration. 
If the apparatus were made larger, in order to render the column of 
water more apparent, the cooling and warming would proceed too slowly. 
With the dimensions given above, the distance between the two threads 
will be about 4 to 5 millimeters. The temperature of the maximara 
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density may be easily meaanred by having a little bottle, in the cork of 
which is inserted a thermometer, o, fig. 121, and a glass tube 6, 1 to 2 
mOlimeters in diameter, provided with an arbitrary scale. 

[349] Expansion of gases. ~ To show this, requires only a 
simple air thermometer, which serves by comparison with a mercurial 
thermometer to show the comparative expansion of gases and liqnids. 

{b.) EXPEEIKENTS ON CHANGES OF THE PHYSICAL STATE. 

[350] Latent heat of water. — "Weigh out in a tared glass vessel 
a pound of crushed ice or snow, and add to it quickly a pound of water 
at 114° F. and stir them together ; the temperature of the mixture will be 
32° F. To mate the experiment snccessful, the temperature of the room 
must be but little above 0° C. It is better to take 2 or 3 pounds of 
water at a temperature of 85° to 100°, because this loses less heat while 
pouring in. The quantity of latent heat is determined by a simple calcu- 
lation, when the temperature of the mixture is above 33°. In summer, 
however, the experiment will always give bad results, on account of the 
water already mingled with the ice. It is desirable in summer to choose 
the temperature of the water, so that the mixture will have about the 
temperature of the room. This experiment, even when the figures are 
not very accurate, is very well adapted to illustrate the important law of 
latent heat. 

[351] Freezing mixtures. — The mixture of three parts of 
ponnded ice or snow, and one part of common salt, rapidly stirred with an 
iron spoon, yields a semi-fluid mass, the temperature of which falls even 
in summer to 14° or 10° F. A temperature as low as 3° F. may be 
obtained by previously cooling the salt with ice, and surrounding the 
vessel in which the mixture k made with the same The quantities 
employed shonld be enough to yield at leist 2 oi 3 pounds of the mixture. 
Other freezing mixtures cannot be recommenled for cNss illustration-, 
they show nothing more than can he shown with ice and "ialt lUhough 
some of them produce a lower temperature In the absence of ice a 
suf&ciently low temperature to fieeze water in thm tubes can be produced 
by a mixture of crystallized Glauber salts and commercial fuming muriatic 
aeid. The following mixture is valuable, because the salts can be 
recovered by crystallization, and it may therefore be used with advantage 
on a large scale — for example, by confectioners. It consists of 5 parts 
of sal ammoniac, 5 parts of saltpeter, and 10 parts of water at a temper- 
ature of 50° F. ; the mixture falls to 10° F. Cfruhaud's useful apparatus 



d by Google 



PHYSICAL EXPERIMESTATIOS. 411 

for this purpose is represented in figs, 728, 129, and T3(J The ice is 
formed in 9 conical tin tabes, opening above into a common eyhndncal 





space, which is closed by a cover as represented in fig 729 
is a section of the freezing appaiatns proper, in tlie line a h, fig. 730, 
which is a plan of the same apparatus The substance to be frozen is 
placed in the conical tubes, the cover sciewed on, and the lower pivot of 
the apparatus set in a hole made for it in the bottom of a wooden tul>, 
fig. 738, The tab is either filled with the above misture, or else half filled 
with very cold water, and an equal weight of fine crj f.tallized nitrate of 
ammonia added to it; the cover is then f^istened on the top, and the 
freezing apparatus rapidly turned by the handle In a short time, the 
water in the conical tubes w ill be frozen. The follow ing are aKo freezing 
mixtures ; 3 parts of crystallized chloride of calcium and 2 parts of snow 
yield a temperature of 32° to — 18° F. Equal parts of snow and dilute 
sulphuric acid yield from 23° to — 60" P. 
27 
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[352] Fusible alloys are obtained by the following mixtures : — 



«..„,.. 
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Load. 


FMing Point. 
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212 
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225-5 
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4 


254 
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246 
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4° 


254 
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266-6 
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269-6 




4 




286-2 
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290 




fi 
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293-8 




12 


11 


309 




18 


16 


320-4 
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24 


16 


331-8 




8 




334 




12 


15 


341-6 




5 


i 


381-2 


4 


32 




392 






t 


419 






H 


429-8 






8 


442-4 






H 


449-6 






10 


469-4 






14 


489-2 






19 


509 






30 


530-fi 






48 


550-4 



The last seven alloys are used as a bath for imparting an uniform temper 
to cutting instruments, which it is difficult to do when they are long or 
vary in thickness. The seven alloys named impart respectively the 
following tints to steel : pale yellow, gold yellow, dark yellow, purple, 
violet, dark blue. Light blue is obtained in boiling linseed oil at 599° F. 
Instruments heated in these metallic baths at the fusing point need no 
further tempering. 

[353] The liberation of caloric at the moment of solidification is best 
eshibited in the following way : — Place in a phial 2 parts of crystallized 
Glauber salts and 1 part water, heat it to the boiling point, and after 
inserting a thermometer in it, let the mixture cool down to 66-7° P. In 
summer it must be set in cool water. If a grain of Glauber salts be then 
introduced, the temperature rises rapidly to 81° or 86° F., while the 
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, at least faces, from 
Fine large crystals with 
Fig. 131. 



greater part of the salt crystallizes. If the vessel be standing in water, 
this must be remoyed by a siphon Just before the crystallization takes 
place, else the temperature will not rise so high. "When the glass with 
its contents is to be preserved, the water which evaporates must be re- 
placed from time to time, a marlt on the glass serving to indicate the 
original quantity. The phial should be only half filled. 

Hyposulphite of soda may be used for this experiment, and does not 
require the addition of water, since the salt dissolves in its own water of 
crystallization. The solution is allowed in this case to cool to 65° or 
TT"; a slight agitation of the glass will cause the salt to crystallize, 
and the thermometer will rise 72°. The result is more striking in this 
experiment than in the last, but hyposulphite of soda is Bot always to be 
had, and is rather expensive. 

[354] Crystallization of bismuth. — This is effected most 
easily by melting 2 to 4 lbs. of the meta! in a hemispherical iron ladle, 
allowing it to cool slowly until a crast is formed on the surface, then 
breaking this with a wire and pouring out qnickly the still fluid metal 
from within. This yields, if not always large 
which project the comers of numberless cubes, 
beautiful stair-like arrangement can be obtained 
only by making the bismnth chemieaily pore, 
which is a rather tedious operation. 

[355] Laws of vaporization. — To 

illostrate this sabject, we use the vessel fig. T31, 
and a wide glass tube, a meter or more in 
length, well cleaned and cloied at one end. 
This tnbe, previonsly warmed, is filled through 
a paper fnnnel with pnre boiled mercury, to 
within ^ or 1 centimeter of the top, and the 
air bubbles carefully removed in the manner 
described in § 96 This may also be effected 
by placing the filled tnbe under the receiver of 
an air-pump, and exhausting the air as com- 
pletely as possible ; the escape of the bubbles 
being aided by gentle agitation. After the air 
is again admitted, insert the tube in mercury, 
replace it under the receiver, and repeat the 
exhaustion; then incline the tube so that the 
mercnry may touch the top, close it with the 
finger, and remove it from the mercury, invert 
it, and replace it under the air-pump with the 
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aperfure upward Fill it at last cnmpletelj with lUGrcury Without 

these picciutions the results would Tary too much from the liw on 

account of the air inclosed m the space ibove the mercury Pill the rest 

of the tube with boiled sulphuric ether 

Hose it with the finger ind invert it in 

the vessel The ether may be introduced 

vjSL when the inverted tube is entirelj filled 

^g^ with mercury in older to show the imme 

^^k diite depiession of the latter, for this 

'^^^ purpose take a crooked tube hke fi„ 

732 3 to B inches long pour into it 

enough sulphuric ether to fill it up to 

the point immerse it in qmckulver 

with the point under the barometer tube and add a little more ether 

from a pipette, then close the upper end of the tube with the finger 

and ei-pcl a» much ether as neoessary by the warmth of 

-^™ theh.nd 

The laws of vaporization may be very well illustrated 
with the apparatus thus nrranged care being taken not 
to intioduce into the tube enough ether to balance the 
pressure of the air when the tube is drawn out of the 
vessel as far as possible Tire millimeters of ether are 
enough for a tube not over 1 metei in length The 
condensation and expansion of the vapor of ether miy 
also be exhibited when it does not fill the vacuum and 
likewise the increise and decrease of its elasticity as 
the space is made smaller or laiger Tubes closed at 
. one end with an iron screw aie very convenient They 
are first inserted entuelj open in the vessel fig 731, 
driwn out as fii as possible immersed again opened 
and the remaining space filled to overfljwing with 
boiled ether; the apeiture is then closed, and the appa- 
ratus is ready foi expel iment 

For these espeiiments, it n verj convenient to have 
a scale fastened lo the frame, the zero point of which 
indicates how far the vessel should be filled with mercury ; 
the scale must be graduated to correspond with the 
barometer used. The scale might be marked with 
indian-ink on the tube itself. 

To show the cfi'ect of a rise of temperature in increas- 
inp: the elasticity of the vapor of ether, you need only 
hold a piece of heated metal near the tube. 
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e the elasticity of the vapor of water below 312° F., talse a 
siphon barometer, lilie 6g. 733, witli a tolerably large bulb, and draw out 
the end of the bulb to a point. Introduce water into the bulb above the 
mercury, boil it until the air is entirely expelled, and then seal the aperture. 
The difference of level of the mercury iu the tnbe and in the bulb indicates 
directly the elastic force of the Topor of water at the observed temperature. 
Ether may be employed in the same way, and boiled by being plunged in 
hot water. The tube ia attached like a thermometer to a board, on 
which a scale is drawn. The mercury in the tube must not be more than 
safEfient to fill 3 of the balls, and the water, after boiling, mnst occupy 
less than the remaining third. A boiled barometer is not necessarj One 
filled with boiled mercury and placed under the air-pump, as directed 
above, yields sufficiently accurate results for temperatnrea beiow the boiling 
point. In filling, it is convenient to have the point bent outward in the 
plane of the two tubes. The tube is then placed in a safe position with 
the bnib over a large dish, and the upper end lowest; the mercniv 
introduced through a glass tube drawn out to a fine point, and gradually 
worked round the bend by holding the tube nearly honKontal In small 
tubes, the successive portions of mercury which pass the bend do not unite 
readily, and recourse must bo had to the centrifugal force, by swingmg the 
tnbe with a short string tied around the bend. By taking a tnbe similar 



to fig. T33, and sealing up water boiled in the bulb 
over the mercury, we have an apparatus by which 
the tension of vapors over 212° "F. may be determ- 
ined, so far as the height of the tube allows. Tiie 
water is heated in a mercury bath. 

[356] The following experiment serves to illus- 
trate the law, so important for the condensing steam- 
engine, that vapor in a closed space always has the 
tension which corresponds to the coldest part of the 
apparatus. Blow a bulb, 1 inch in diameter, upon 
a barometer tnbe, 30 inches long; bend the tube 
twice at right angles and fasten it to a support, as 
shown in fig. t34. Introduce sulphuric ether into 
the bulb. Boil the ether either by a spirit-lamp or 
hot water, and keep it boiling until it is certain that 
all the air is expelled from the bulb and the tube ; 
if the bulb was half full of ether, the half of it may 
be rapidly evaporated. While the ether is stilt 
boiling, plunge the end of the tube into a glass con- 
taining warm, boiled mercury. On cooling, the 



Fig. 734. 
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Fig. 135. 




mercury rises gradually in the tube, to a height corresponding to the 
.temperature of the air, a little ether condensing on its surface, especially 
when cold mercury is used. When the merenry ceases to rise, plunge the 
bulb into a glass of ice water ; the mercury will again begin to rise, and 
soon reaches the height corresponding to this new temperature, although 
only the bulb and not the tube was cooled. 
During this, the ether condensed on the 
surface of the mercury evaporates. If the 
mercury has not been boiled, air bubbles 
will rise through it on cooling; this affect); 
the main result only in so far as it lessens 
somewhat the height of the mercury in the 

It is not Tcry easy to blow a large bulb 
on so long a tube ; if this cannot be done, 
fit a little thin glass phial to the tube by 
means of a cork. It is well, in this case, 
to prepare the experiment, as far as cool- 
ing with ice, before the lecture, because 
the cooling to the temperature of the aii' 
proceeds slowly, on account of the thick- 
ness of the glass. This experiment is 
usually made with two small flasks of the 
capacity of 1 to 3 cubic inches, as in 
fig. 735. The ether is boiled in both, 
and when the whole has assumed the 
temperature of the air, one of the flaski> 
is cooled. 

[357] The appartns represented in fig. 736, ^ to 1 of the real size, is 
designed to show that the same laws which apply to vapors of ether and 
water hold good also for other gases. It consists of a strong glass 
cylinder C, with brass caps on each end ; into the upper one is screwed a 
forcing-pump, and a water reservoir h. With the dimeniioos given, the 
glass must be from 7 to 8 millimeters thick, (this, at least, is bufficient,) 
and the joints well secured by washers. Within the cylinder is placed an 
iron vessel with a long handle a, containing mercury, and in this, four 
small tubes, one of which cuntains atmospheric air, and is graduated by 
atmospheres ; the others contain gaseous sulphurous acid, ammonia, and 
cyanogen. The mercury cistern need not be more than half as high as 
shown in the figure, and the tubes must be fastened in some way to the 
handle. For this purpose, two disks are fastened to the handle, each 
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provided with fjur split rines whuh can be 
tightened by a screw The handle which 
suppoits these disks must be unscrewed from 
tho bottom of the yessel in order to pass the 
riDgs over the tnbea bat sioce the rmgi 
must at all events be made elastic and 
furnished 'sith a screw as in fl^ *'^T No 1 
it would perhaps be better to adopt mt ol 

Fig 7oT 





the three other modes of faatenin;^ indicated 
m fig 737 so that the tubes need only be ';et 
in their places I would prefer No 3 The 
tubes most be long enough to reath nearly 
to the upper cap so that the stratum ol 
fluid condensed ibove the mercury vfdl be 
apparent enough When the vessel o is m 
its place fill G with water sirew on the 
pump fall b also with (^ater and turn the 
stop cock b so as to mike a conimunicition 
between the pump and the reservtir 6 as 
shown by the marks on the handle Then 
draw up the piston so as to fall the pump 
with water, tum the cock 1 quarter cf i 
revolution so as to close the commnnication 
between the pump and b and open that with 
G then depress the piston Aftei 1 fe\i 
stroke-, of the piston tum the cock carefully 
ho as to make a communication between 6 
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and b, in order to allow the air left in G to escape. This is repeated 

1 1 m sc t Th rapression is now continued, the 

t f tl m J th t b fill i th air indicating at each moment 

th p as th tl t, ft the other, become liquid, and as 

a f th m I g t 1 q fy, the mercury rises OQly in this 

tub 1 1 th g t ly ted to liquid. By opening the 

li a 1 ttl t d 6 th wat gradually escapes, and when the 

p fti tly d m h d t llow one of the liquids to become 

g a t a th d t p dly as the water can escape. In 

p t! pp t t mpty t tl ommanieation between 6 and the 

cylinder G mast be left opened ; otherwise a rarefaction is produced iu G, 

when the pump is unscrewed, and part of the gases escape from the tubes. 

It is well, before opening the apparatus, to remove the water from 6 by a 

siphon. The apparatus must be emptied each time, because one of the 

gases decomposes, and all are gradually absorbed. 

With this apparatus, a vessel is usually famished to show the com- 
presaibiiity of water, according to the method of Colladon and Sturm. 

[358] A similar experiment can be made with the air-pump and ether. 
Take a perfectly clean glass tube, about 24 centimeters long, somewhat 
contracted and closed at one end, and fill it to within 5 millimeters of the 
top, with hot boiled mercury, poured through a long, pointed tube, (§ 96.) 
Pill the rest with boiled ether, and insert it in mercury. Beside this tube 
place one of the same length, inclosing about 3 centimeters of air. If the 
Fig. 738. air is slowly exhausted, the mercury at first sinks in the 

(^ ^ air tube until the tension of the vapor of ether is equal 

to the pressure of the air which remains, when vaporiz- 
ation begins and the mercury in the air tube remains 
stationary; on the readmission of the air, the reverse 
takes place. The pump mu t be w ked very slowly, 
else the mercury will not rem n tat onary in the tube. 
The experiment should be t ed 1 fo e exhibiting it, for 
upon the admission of tl e i an a babble usually 
appears above the ethe tl e ether tube must then be 
closed with the finger, remo ed f m the cistern, and 
filled up with boiled ether. If too much ether has been 
introduced at first, exhaust the air, until a portion of it 
escapes by evaporation. Pig. T38 represents the appa- 
ratus complete. A wooden cap is fitted tightly upon 
the glass cup a; this supports a board with a cross- 
piece having two holes for the tubes. When the tabes 
plunged in the mercury the cistern mnst be nearly full, and shonld, 
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therefore, be set ia a larger vessel; the excess must be poured oat before 
the woodea cap is slipped over the tubes. The experiment is still more 
instructive, if a boiled barometer tube can be introduced under the 
receiver at the same time, but it must be, at least, 15 inches high. 
Instead of filling the tubes hot, it can be done as described in | 35T. 



¥,g 73<l 



(e.) EXPERIKENTS OH THE DIFFUSIOM" OF VAPORS THEOTTGH 
GASES. 

[359] In order to demonstrate the law that gaacs, which in a state of 
saturation fill any space, when mingled with other gases hive the same 
tension as in a vacuum, malie the same arrangement as for Manotte'a 
law, § 93, and then introduce into the 
barometer tube a few drops of sulphuric 
ether. The mercury sinks immediately. 
If the air be reduced to its former 
volume, by depressing the tube, the ten- 
sion will be increased by an amount equal 
to the tension of the vapor of ether in 
vacuo, at the given temperature. This 
may also be shown very simply in the 
following way: Take a fiat-bottomed 
flask, fig. 733, fit in it a good cork with 
two glass tubes, one of which is bent to 
serve as a manometer. Dry the flask 
thoroughly by connecting one of the 
tubes with the air-pump and the other 
with the chloride of calcium tube, fig. 
739, by means of caoutchouc connectors, 
and making several strokes with the 
pump, at intervals of 15 minutes. When . 
the vessel is filled with perfectly dry air, 
Mg. 740. 




disconnect it, and pour some mercury into the manometer tube. Connect 
a small funnel, fig. 141, to the other tube by means of india-rubber, which 
i together by a clamp, (§ 104.) Put water in the funnel, and 
2l2 
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let a few drops fall into the flask. Before long, the mercury in the mano- 
meter will indicate an increase in the tensiou of the air within. There 
are several other pieces of apparatus for similar experiments, which are, 
however, expenslTC and not easy to handle. 

Fig. tiS. 



[360] The following experiments, in addition to those ennmerated in 
§ 102, 9, serve to show the inflaenee of pressure upon the boiling point : 

(tt) T!ie water-kainmer. Blow a buib upon a stout glass tube, fig. T42, 
1 foot long, and draw out the lube beyond this to a point. Pill the 
tabe with water up to the bulb, boil away enough to leave it half full, 
and, while boiling, melt the fine point. In such cases, as the tube 
becomes very hot, it may be held with a wooden clamp, fig. 143, taten 
from a stand to be described hereafter. As the tube is now vacuous, 
water will boil in it by the heat of the hand, when it is held by the bulb 
in a nearly horizontal position. If quickly turned up, so as to let the 
water run in the other end of the tnbe, it will strike with a sound like 
mercury in the barometer, without breaking the tube, if well annealed. 
To make this requires a hot fire and a steady hand. 

(6) The pulse-glasB. Blow two bulbs on a glass tnbe, bend the tube 
twice at right angles, as seen in fig. 144, and draw out the end to a point. 
Fill the bnlb a and the tube with 10 to 80 per cent, alcohol colored with 
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Brazil-wood, expel the air by boiling, aad seal the tube, witli about half 



When held horizontally by one bulb 
Fig. 1U. 



i 



. bulb full of alcohol 
with the bulbs uppermost, the 
liquid will be driveii with lively 
ebullition from one bulb to the 
other, and a sensihle degree 
of cold produced by the evap- 
orization. 

(c) A similar experiment, well known as the culinary paradox, may be 
made as represented in fig, t45. The flask a is closely corked, while the 
water within is in rapid ebullition. The application 

of cold to the exterior causes the ebullition to com- ^ff- '^ ^^- 

menee again, until the temperature of the whole s¥ 

fails below the point at which water boils in vacuo. // 

(d) Papin'ti digexkr. For illustration, it is // 
snfScient to show the rise of the boiling point with /§ 
the increase of pressure up to a few atmospheres y^"^ % 
For this purpose the boiler should be in a cylmdntal 
form, 5 inches wide and 12 to 15 inches long, the 
metal must be 3 millimeters thick, to bear with afety 
an over-pressure of four atmospheres. The boiler 
must have a safety-valve, and a gauge-cock to test 
the height of the water, which should not sink below 
the level of the surface exposed to the fire, a steam 
cock, and a thermometer. The boiling point of the 
latter must be without the vessel ; its scale need not 
he graduated above 400° P. It is cemented in 
with litharge cement. If the fire-pan be in ulated 
by four glass legs, as in figs. Y46 and T47, the boiler 
may be used as a source of electricity. The fire pan 
is made simply of sheet iron, the posterior edge a a 
fig. 74T, being bent slightly inward. It terminates 
at the back in a short pipe, which should be con 
nected with a good chimney. It should have a 
grate and door. Tlio boiler may be heated with 
spirit contained in a bos fitting into this pan and 
provided with 13 to 20 wicks, stuck through holes 
in the top. A pint of spirit is sufBcient for a 'ieiies of experiments with 
a boiler of the dimensions given, especially when filled at fir t with hot 
water. Fig. T48 represents the lamp. The piecaution must never bo 

d not to allow the water to fall so low as to leave any part f f the 
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heateil eurfat-e uncovered With sQch small dimensions a gauge tnbe 
cinoot be applied aud when the pre'fsnre is high the watei cuck alwajs 




seems to emit steim becau-^e the verv hut water evaporates in the open 
air, but if the hand be passad through the jet thf copiou'i moisture 
deposited will famish pretty safe Pvidence ^vhether the steam contains 
liquid water 

Fig 748 Piq 149 

If it be ., ,1^.. the boiler, either to dean it or to introduce 

something into it, an iron ring should be riveted to the end, and the plate 
with the gauge-cock screwed to this, as seen in fig. 149. 

For these experiments, the weight required by the safety-valve for each 
atmosphere should first be ealcnlated, the boiler placed under the balance, 
the lever suspended by its fulcrum, and the slide moved until it eounter- 
1 the weight in the other pan. The position of the weight 
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Fij. I 50. 




[sei] Leidenfrost's experiment. — Take a small silver or 

platina capsule, fig. 751, heated to redness over a spirit-lamp, and let a 
drnp of water fall upon it from a glass tube. 
When tlie spirit flame is good, several drops ^3- '^1- 

may be let fall ia quick succession. While the 
capsnle remains over the fire, the water evapo- 
rates very slowly, with a constant, tremulous, 
rotary motion; large drops assuming often 
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The last rainiite drop explodes suddenly. When removed from the fire 
the water begins, as soon as the capsule is cooled below red heat, to 
adhere to the surface, and evaporates very rapidly. Other metals, and 
even glass, exhibit the same phenomena. The experiment can be made 
with a silver teaspoon, if the lamp barns well. It snceeeda beantifuliy in 
a large platina dish, but it mnst be heated over bnming coals, or a gas 
flame. In a platina crucible, water can be accumulated sufficient to 
immerse in it a thermometer, which will indicate 203° to 209° P. To 
see the tremnlous motion, and the angular figures which the drops 
assume, the spoon should be fastened to some support. 

The experiment of passing the hand through molten metals belongs in 
this place. If a sufBcient quantity of lead (10 to 20 lbs.) be melted in aa 
iron pan, it may be stirred with the hand without the least injury, 
and, indeed, a sensation of coolness is felt, when the hand is moistened 
with ether. 

[362] Hygrometers. — TJnder this name are included all instru- 
ments used to indicate the amount of moisture in the atmosphere. They 
are of two classes. To the firet belong two instruments which give the 
degree of moisture directly: that is, whether the air is more or less satu- 
rated with moisture ; the actual quantity of vapor of water being determ- 
ined by the aid of a thermometer. The instruments of the other class give 
directly the quantity of water, and the fraction of saturation is determined 
by the thermometer. To the first class belong those toys which have a 
catgut, 3 or 3 inches long, fastened at one end, with an index at the other. 
Usually a human figure is chosen, npon the back of which a quill is fixed ; 
the catgut is contained in this, and is fastened at the further end of the 
quill, with the other end of the string passing through the figure to the 
arm, which serves as an index. These things have no scale. 

Besides these, there are hygrometers of wood, whalebone, and hair. 
They all have a centigrade scale. The zero point is obtained by placing 
the instrument, with chloride of calcium or Ifordhausen snlpharic acid, 
under a bell-glass, and marking the position of the index, when stationary, 
which will be in about six hours. The point of saturation is 100°, and is 
obtained by placing the instrument with wet blotting-paper nnder a bell- 
glass. It is incorrect to plunge the whole instrument in water, as 
directed by De Lnc, in order to End the point of greatest saturation of 
the air. 

(a) The wood hygrometer. T'igs. 152 and T53 are a plan and view 
of this. Two wooden rods are fastened upright in the board a a; these 
are grooved on the inside, and in these grooves is inserted a slip of fir 
c c, not over one line in thickness. It must be made of fine f 
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wood, free from knots, and must slide easily in the grooves. To one of 
the bars is fastened a plate (?, upon the back of which is the pin e, flg. 
Fig. 752. 





T54. An indes is fixed on the first offset of this pin, and held down by a 
rim/, riveted on the second offset. The index moves freely, and rests by 
a pin on the slip c, which consequently raises the index when expanded 
by the moistnre. "When the wood contracts, the index sinks by its own 
weight. The scale is marked on the other bar, 

(6) The hair hygrometer is the most useful of all, because the 
hygroscopic body, which is a smooth, straight, human hair boiled in weak 
alkali, is easily obtained. The hair expands from its condition of greatest 
dryness to that of greatest moisture, about ^'.j of its length. Figs. 155 
and 756 represent the instrument : a a is a brass frame, on one side of 
which is the dial-plate b, and on the other an arm c, supporting between 
them an axle, whose circumference is a little more than J^ the length of 
the hair. The axle is made to move an indes over the dial-plate. A 
pin is inserted in the other end of the frame, and held down by a eJamp, 
as seen in fig. 75T. Tiie hair may he fastened directly to this nail, the 
other end carried over the axle, and a weight of about 15 centigrammes 
fastened to it. The instrument is then complete except the grada- 
ation. Instead of the weight, which is inconvenient in carrying the 
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instrumefit, a Sne spiral spring may be used, as seen in the figure. It 
must be made rather long, so as to yield a tolerably nniform resistance 

I^g. 755. Fig. T56. ^°'' ^^^ ^^°^^ ^^'*'"* °^ *^^ °'*^" 

tion, not exceeding 15 centi- 

Bf, grammes. Instead of carrying 

MjJ Fig. T5T. the hair itself around the axle, it 

It ^ '^ usually fastened by elamps, fig. 

t m 758, to silk threads, and these 

iw a fastened to the lower pin and the 
'^™ '™ axle To prevent any slipping 
on the axle, make a double cut 
on it, as in fig. 756, and carry a 
separate string to the spring. 
The ends of the strings can be 
easily fastened to the axle, by a 
hole bored through it. This 
gives the additional advantage, 
that when a new hair is stretched, 
its length may be altered until it 
corresponds to the fixed points. 

(c) The whalebone hygro- 
meter is arranged essentially like 
the hair hygrometer, hut the strip 
of whalebone is made only | aa 
lung is the hair, it must not be over 2 millimetera wide, and cut per- 
pendicular to the fibers TJncat whalebone is difficult to obtain, and 
therefoie not very suitable for a hygrometer. Much pains have been 
taken to make these instruments comparable with each other ; but when 
Fig 751 onereflects that they all gradnally lose their hygro- 

"^copiL properties, and even hair hygrometers, 
whose fixed points agree, vary in the intermediate 
parts of the scale, it seems useless to attempt 
further perfection. 

(d) DanieVs hygrometer. This instrument is 
represented in fig. 759, and must be bought from 
a reliable maker. The scale of the thermometer 
inclosed in the longer limb is now usually made 
of glass, and united with the upper end of the 
theimometer. It mast be immovable in the tube, 
tthuh is, therefore, narrowed toward the bulb. 
The bulb of the thermometer must dip into the 
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ether, withont touching the bottom of the bulb. A ring, 2 or 3 lines 

wide, around the middle of the bulb a must be gilded, and the bulb mnst 

contain enoagh ether to reaeh the middle of the gilt ring. The bulb h is 

covered with muslin or fine linen. Another thermometer is fixtd on the 

support, and both hayo centigrade scales. To use the 

instrument, poor on the bnlb h enough sulphuric ether to -f^? TfiO. 

moisten it thoroughly, bnt not to hang in drops The 

bottle. Eg. 760, is convenient for this purpose, the 

heat of the hand being sufficient to drive out the ether. 

Not onij the temperatare at which the dew forms on 

the gold ring should be observed, bat also that at 

which it disappears ; the mean is the dew point. After 

the observation, the ether condensed io 6 mnst be 

allowed to r n 1 a k % a Very xa t t at n 

can be mad only w fh th t 1 s ] e the h at f the 

body rendenng th d ta f th n t um nt n o e t In the following 

table gives h an unt f ap and t t n n for temperatures for 
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From the temperature, which the exterior thermometer indicates, is 
derived the highest tension which the vapor could assume, and the 
quotient of this into the actual tension according to the interior thermo- 
meter, gives the moisture of the atmosphere. 

■ (e) BegnauU's hygrometer. Since glass is a bad conductor of heat, 
the gilding of Daniel's thermometer has not exactly the temperature 
indicated by the iateniat thermometer, for which reason Regnault, and 
before him Doebereiner, has proposed the following modifications ; A 
vessel of thin, polished silver, ahont 2 centimeters wide and 4 centimeters 
high, is fitted tightly on a glass tube a, fig. 761, and filled with sulphuric 
Mg. T6I. 




ether. The other ml t 1' \u >- 1 pil h) a coik throuifh whiLh 
pass a thermometer ( and a tube 5 dippmg into the ether, and a second 
short glass tube. By blowing through .8 with tlie mouth the ether 
evaporates and thereby cools the silver, so that the temperature at which 
dew is deposited on it can be observed ; a second thermometer indicating 
the temperature of the air. 

It is better to fix the apparatus on a stand and draw the air through 
an aspirator, as seen in the figure. The aspirator is simply a tin vessel 
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filled with water. The lower aperture has a stop-cock, by which the 
flow of the water can be regulated. The aperture at the top is connected 
by a caoutchouc tube with the short tube of the hygrometer. The glass 
bottle fitted up with a siphon, according to § 163, fig. 29C, may be used 
instead of a separate aspirator. The siphou serves for the exit tube, the 
air-tttbe is connected with the hygrometer, and serves at the same time to 
regulate the flow. In this way the whole apparatus, except the silver 
cup, can be made at homo at small expense. 

(/) The psychrometer. The thermometers in this instrument mast 
be more delicate than those of the previous ones, aud must be graduated, 
at least, to half degrees. The correctness of the fixed points, the corre- 
spondence of both thermometers, and the accuracy of the graduation, must 
be tested by careful observations. Both thermometers must be fastened 
on a common stand, so that the bulbs shall 
be free. The covered bulb should be moist, 
without drops of water hanging from it, and 
it is probably best to connect it with a cotton 
wick, dipping into a vessel of water placed 
just below it. SufScieat water is thus drawn 
up by capillarity. The wick must be renewed 
occasionally, which is no great trouble; fig. 
762 represents this instrument. The instru- 
ment must be suspended in the open air, and 
protected from strong currents. Under these 
circumstances, the tension x of the aqueous 
vapor may be calculated by the following 
formula: ^ = / — O-00JJ8 {t — t') h, f 
being the tension of the saturated vapor, 
at the temperature I', in millimeters ; (', the 
temperature of the wet; t, that of the dry 
thermometer, according to Celsius; h, the 
height of the barometer reduced to the freez 
ing point. The eifeet of S is seldom greater 
than 0"1 of a millimeter, and, therefore, 
where the greatest accuracy is not required 
the mean height of the barometer mav be taken, and the factor h 
combined with the other constants , it 6 be taken ^ 740 mm, then 
x^ f — 0'574 {t — t'.) To obtain the quantity y of moisture ton- 
taincd in the air, let q be the quantity at the temperature t', then 
y = q — 065 (( — t'.) The following table contains these numbers 
calculated for the psychrometeric differences from 0° to 12°, and the 
temperature of the air from — 20° to + 35° C. 
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[363] Latent Iieat of steam. — The great quantity of latent 
heat ia steam may be shown by the apparatus fig. 763. Pour into the 
cylinder c a certain weight of water at a known temperatare, and cause 
the water in a to boil before inserting the tube b into the cylinder. The 
boiling is kept up nntil all the air is driven oat of the apparatus, which, 



Fig. 763. 




for an apparatus 5 times the size of the figure, will require 2 or 3 
minutes. The tube 6 is then introduced into the cylinder, without inter- 
rupting the boilittg. The steam condenses, and the water rises in the 
cylinder. When it has increased about -Jg, withdraw the tube &, and 
weigh the water again, after noting its temperature. A thermometer 
with a very small bulb must he used, and only the bulb immersed, as the 
immersion of the whole instrument with its scale would cause a greater 
error by cooling the water than would be avoided by sinking the mercury 
to the top of the column. 

The calculation is simple, as the following example shows ; Water 
weighed before the experiment 60 grammes, and afterwards 66'1. The 
temperatare before the experiment was 12° C, afterwards 68'5°; the 60 
grammes of wat«r gained, therefore, 56-5°, that is, 60 . 56'5 = 3390 
units of heat; 6-1 grammes of steam lost 31-5° of heat, imparted there- 
fore 31'5 . 6-1 = 192 units of heat to the other water ; 3198 units of heat 
are due to the latent heat of 6'1 grammes of steam, 1 gramme has, there- 
fore, yielded 524 units. Although in this experiment the latent heat of 
steam always results too low, on account of the loss from the glass and 
the air, together with the water which condenses in the tube b, it is very 
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well suited to show the fact, and to give an approximate Idea of the 
quantity of latent heat in steam. 

[364] The condenser. — A very simple, and for small operations 
very usefol condenser, is represented in fig. 1 64, which is particnlarly saitable 
for the illustration of the apparatus. It consists of a glass tube, 1 to 1^ 
feet long and 1 inch in diameter, through the center of which passes 

Fig. 164. 




another tube, ^ inch in diameter, jirojecting on both sides and fitted 
tightly througii corlta. One end of the inner tube, which projects but 
little, is somewhat enlarged ; the other end, which projects 3 to 4 inches, 
is contracted. At this end a small tube, 5 or 6 inches long, bent at an 
acnte angle and terminating in a funnel, passes through the cork. A 
similar tube, bent twice at right angles, passes through the other cork. 
The condenser is fixed in a sloping position, the funnel tube perpendicular, 
and rising higher than the upper end of the condenser. The neck of a 
little retort is inserted in the large end of the inner tube. Water is poured 
through the funnel so as to fill the large tube, and as it gradually becomes 
heated, it runs off again through b, condensing the vapors in the inner 
tube. The water may be drawn by a siphon from a higher vessel, and 
the flow thus regulated as occasion requires, or a Mariotte's vase may be 
used instead of the siphon. 

[365] The cryopho- 

Fig. '765. ms. — This is represented 

in fig. 765, about l the real 
size, but it is convenient to 
have the two arms, on which 
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the bulbs are blown, somewhat longer than in the figure, and the cross- 
piece proportion ally shorter. The glass is eonstrncted like the pulse- 
glasa. It is filled with water, and the boiling must be done over a wide 
charcoal fire, so as to heat the tube throughout its whole est«nt. When 
the water has boiled long enough, and one bulb is not quite half fall of 
watfir, seal the opening with a blow-pipe. To make the experiment, all 
the water k got into one balb, and the other plunged into a freezing 
mixture of pounded ice and salt so as to cover the entire bulb and part 
of the tube. "When the vessel containrng the freezing mixture is small, 
it may, previously, he surrounded with ice It is alvisable to interrupt 
the experiment as soon as a film of ice firm in the free bulb, because the 
entire freezing of the water is apt to buiat the bulb When the experi- 
ment is made in summer, a draught must be created so thit the air may 
be as little charged with aqneojs vapor as p s«ibie which i& apt to occur 
with a numerous audience but the bulb itself must not 1 e exposed to the 
draught. 

{d.) EXPERIMENTS TO IILUSTRATE THE ST^AM-ENGINE 

[366] Heros' rotating ball. — Blow i large glass bulb with 
two points, pass these through a wire handle and bend them aa s.hown in 
fig. 766. Warm the bulb, and, closing one point with 
the finger, draw in a little water. If the water be -^" 1<>6 

heated to boiling over a spirit-lamp, while the bulb is 
slowly turned, the pressure of the escaping steam will 
cause it to rotate rapidly. The handle itself may be 
made of glass, in which ease the jets are Iirst bent, 
and then the handle, made of two slender glass rod«, 
which are attached to the bulb, and afterwards joined 
together. 

[367] The steam-engine. — In illustrating the 
steam-engine, it is of the greatest i!nporta,nce to give 
a clear idea of the mode of working the valve; and of 
the action of the condenser in the low-pressure engine 
For the latter, you may revert to the experiment de 
scribed in g 36-1. 

In respect to the working of the valves, it is enough 
to explain any of the vnrious arrangements by which 
the new steam is introduced, alternately above and 
below the piston, and the spent steam withdrawn , 
that is, to consider the action of a double-acting 
en^ne, no others being now in use. The best for this purpose a 
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Fig. 767. 




sliding-valves, aDd a sectional model should be made. This can be done 
very simply in the following way: First, bend an iron wire, fig. 76T, so 
as to obtain two cranks a and h, at 
right angles to each other, and the 
third c, d, whose position is indifferent. 
Make for this a wooden frame, fig. 768, 
consisting of two recta,ngular divisions 
A •»i\ B the first of which repre- 
sents the cylinder, the other the 
steam chest. The channels 1 3 3 are 
painted on the partition between them, 
with white paint on black ground : 1 and 3 leading from the steam- 
chest to the cylinder, and 2 into the open air, or to the condenser. The 
size of the apertnres in the steam- 
chest is equal to the length of the 
crank n, and the flanges of the slide 
are made of the same width. The 
slide is made either of brass, or wood 
painted yellow, and pressed against the 
partition between the two compart- 
ments by a slight spring e -' acting 
against the side of the frame. The 
bars n and o are grooved up aa far as 
the length of the box A ; a cross-bar 
p is fixed between m and n to serve 
as a guide to the valve-rod I 7. Be- 
fore the frame is put together, the 
cniMS-bar, fig. 769, is put into the 
grooves between n and o, so as to 
slide freely. The piston 6' consists 
of a bit of wood, and the piston-rod D 
is passed through holes in the cross- 
bar q and the top of the cylinder at r. 
and glued fast to g and G. Finally, 
make the rods t and u of stout wire ; 
the latter appears foreshortened in 
the figure because its crank is horizontal; laythe axis in notches in the bars 
m n 0, and fasten it down with little wire staples. The valve-rod I is 
made of wire, with a screw on the end, and the slide is 
fastened to it by two nnts, so that when the crank a 
stands horizontal, the slide would be in the middle of 




Fig. 769. 
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the partitiou between A and B. It is best not to mark the channels 1 2 
3 until this is done, and to fis their position according to the a«tual 
motion of the slide. A httle tabe a: represents a steam-pipe. By turning 
the crank c d, the piston and the slide will make the corresponding 
motions, so as to illastrate fully this important part of the steam-engine. 

An, eccentric wheel, fastened at a, instead of the crank, wonld serve to 
illustrate this mueh-used contrivance. In this case, the support ontsido 
of the slide could be omitted, and the axis made a little stronger. Large 
diagrams may be used for further illustrations, but, better than all, a 
working model. 

[368] Models of steam-engines.— That the lecturer must have 
some means of giving a correct conception of the working of a steam- 
engine, is beyond doubt; hat whether a model is necessary, is quite 
another question. If the means can be commanded, it will be well to 
provide a model ; but certainly, there are many things much more valnable 
and necessary. The following pointe are important in constructing a 
model: — 

(a) It must not be executed in what is called the model style, i. e., it 
must not be merely a little machine, which turns a wheel by steam, 
omitting everything which is not necessary to this object; hut it must be 
accurately copied from some steam-engine in common use. 

(6) The construction of the model-machine must be plain and easily 
understood, and must admit of the steam-chest being covered with glass. 
It is not necessary to have the cylinder and the pumps made of glass. 

(e) The model mttst not be on too small a scale. 

It is more important to show the action of the separate parts by taking 
them to pieces, than to set the machine actually in motion. It is better 
to work the model by a force-pump, than by the boiler, because it 
injures it to he left standing a year after using it with steam without a 
thorough cleaning, which consumes considerable time. 

[369] The locomotive. — One of the most valuable special forms 
of the steam-engine is the locomotive, and the principal points of its eon- 
etruetion cannot be well omitted in a course of physical instruction. The 
chief peculiarities of the locomotive engine, are the construction of the 
boiler and the arrangement for running forward or backward at pleasure. 
Both of these may be well illustrated by the following sectional model : — 

Have a frame, a a b b, made of hard wood, fi^. ITO and "171, of such 
dimensions that the model will be y'^ of the real size ; c c are only pieces 
which serve to fill up. At the front a block of wood, rn, is inserted in 
the frame, so as to be even at the top at e e. Fashion the half of this 
block into the section of the cylinder/, fig. 773, and of half of the steam- 
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chest g, which lies between the two cylindera, as shown in section in the 
figure, leaving the front and rear walls standing. Excavate the npper 
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Borface as in the figure and screiv the block in its place. Bore holes for 
the driTing rod and the yahe lods On the partition h, fig. 172, between 
the cylinder and the steam chest mark the apertnres for the valves, jast 



^zaj- 




as the model, fig. 768. In both cases this is the iast .thing to be done ; 
* i is a board, like fig. 113, set upright in the frame, with the necessary 
holes for the rods connected with the piston and eccentric. Between this 
board and the block m are fastened four groored bars k, two of which 
serve as guides for the piston-rods, only half the machine being worked 
up, and the others, therefore, remaining unemployed; ji is a cross-piece 
screwed between two bars, and serves as a guide for the valve-rod; it is, 
for this reason, made of two halves. Botches are made in the cleats e e e, 
fig. 770, for the wooden axles of the wheels, which are only disks of wood. 
The wheels run outside of the frame, and are glued to the axles; the 
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driTing-wheels are made rather smaller, so that they c 
freely by a handle, when the model staDds on the four running wheels. 
The driving-axle is made of hard wood, in one piece, not glued together, 
the length of the cranks, which are placed at right angles to each other, 
being dependent upon the stroke of the piston. The piston consists of a 
thin disk of wood. The eceentrica are also made of wood, and must, 
therefore, be rather larger than the proper proportion, to insure the 
requisite strength. Their edges are grooved, to receive rings made of 
wire. The hole for the axle is so arranged that the fibers of the wood 
may run perpendicular to the line drawn through the center. The disk 
is split in the line a b, fig. 114, aad glued upon the axle in such a position 
that the prolongation of the valve-rod will pass between the two disks, 
which lie close together. The eccentricity of both is placed in a straight 
line, at right angles to the axis of the crank, no account being taken here 
of the effect of expansion. 

Fig. 715. 



Fig- 114. 



Mg. 717. 




The rings a a,h b, fig. 775, are made of flattened wire, and a thicker, 
flattened wire, <-- d, soldered to one of each pair. The projections a.a 
are filed out a little close to the ring, so that the two sections of the ring 
can be tied together with binding- wire. The two rods must be bent toward 
each other so that their ends d may lie in the same vertical plane. The 
'inks arc made of two plates, fig. 716, riveted to two strips of brass, 
3g. Ill, iu which the rods of the eccentrics run on pins; the complete 
imitation of the ordinary construction on such a small scale being difficult, 
and quite unnecessary for the present purpose. On one side a cross-piece 
is riveted, with a pin ending in a screw, with 
which the arm x, fig. 171, of the bar z, is cou- ^'^3- ^'^^■ 

nected, so that the links can be raised and 
lowered by means of the lever v and the rod w. 

The valve-rod, fig. 778, which has two rollers 
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a a, is inserted in the link, in wliich the rollers must move smoothly 
up and down ; they must, therefore, he ground with emery. The portion 
of the valve-rod which runs in the guide n, fig. TTl, is square. The valve 
itself consiBts of a strip of brass, as already explained in fig, T68; the 
spring is omitted. Figs. 119 and ISO represent the parts with the valve 
h and the crank n in two positions, the form of the links being somewhat 
changed. 





The piston-rods and connecting-rods are made as described ii 
the guide of the pist<ra-rod being shorter as the bars k k come much 
closer together in this ease than in that. Feed-pumps are not necessary 
in the modeh 

Set on the frame a half-round wooden model of the boiler, with its 
furnace, smoke -chamber, chimney, and dome, a longitudinal section of the 
internal arrangement of these parts being painted on the block. Fig. 
'781 represents the surface which is painted, and figs. T82 and "183 are 
sections of the block in the lines indicated in fig. 781. It will be seen 
that this model has a rabbet on the round side of the furnace, which fits 
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OB the frame aa, b b, fig. Til, the half-round part of the boiler fitting in 
the concavity of the board, fig. 113. If the model is made to be talien apart, 
as indicated by the dotted lines, these surfaces may also be covered with 
paper, and the respective sections painted oa thera, the pieces being held 
together by pegs. 

Fig. 181. Fig. 782. Fig. 783. 




The foregoing paragraphs contain hints for the constrnction of a 
sectional model, but the execution presupposes an acquaintance with all 
the parts of a locomotive, and some accurate drairing must be taken as a 
guide. 

Large diagrams may be used for further illustration of the separate 
parts, when a railroad station is not accessible Even in this case, a 
sectional model is useful for the previous explanation of these parts 
which cannot be seen at all, or at least not in action * 

What ha.s been said respecting a working model of a steam-engine 
applies to the locomotive, and the latter is much less indispensable. 

(e.) EXPEEIMENTS ON SPECIFIC HEAT. 

[370] Of the various methods of showing the specific heat of bodies, 
that by mixture is the only one adapted to class illustration. The most 
instructive experiments are; (1) The demonstration of Bichmann's law, 
by mixing two weighed quantities of water at difierent temperatures, in 
order to show that the capacity of water is constant at different tempera- 
tures; and (2) the mixture of mercury and water, to show the low 
specific heat of the former. In the first experiment, the temperature of 
the mixtures being first calculated, the vessel is warmed with water to 

* Models of both these machines, well eieouted, and in many reepeots stronger 
than here described, with internal or external cjlindera, may be had of Widmaii, in 
Freiburg, for from 8 to 10 dollars. 
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this degree ; this is emptied out, and the hot and cold water immediately 
poured in, and stirred with a thermometer. In the second experiment, 
this precaution is not necessary; the mercury being added to water at 
the temperature of the air, and rapidly stirred with an iron rod. It is 
simplest to take 1 lb. of water at the temperature of the surrounding air 
= (, and beat 1 lb. of rnercnry to 108'5° I", + (. The mixture will have a 
temperature ( -f- 34'2. The precautions given will insure results as nearly 
accordant as the purposes of instruction require. 

The change of the specific heat of gaseous bodies, by expansion and 
compression, can be shown by the air-pump. For this purpose, suspend 
a sensitive thermometer (one with fine tnbe and large bulb) in a small 
receiver, and exhaust the air rapidly the thermometer will sink fiom 2 to 
4 degrees If the communication with the air be now cut off ind the appi 
latus allowed to stind until the temperature is a^ain equalized and the 
air then admitted the thermometer will rise The reverse effect I'l pro 
duced by condensation The resnlt is ceitiin but can only bo seen iiy a 
few at a time Spiiit thermometer although more easily olaerved are 
too dull for this experiment The diminished capacity of gases for heat 
by condeu'fation may also be shown by the fire "^ynnge This consists 
of a glasa or metallic cylindei 1 5 fig 
184 with a rounded base which is laid 
in the hollow of the hand the cjhnder 
itself being held between the foie and 
middle fiii(.ei A piston ( fig 785 
R !th a cavitj m the end fits air tight 
into this cyhnUer This cyhnder has 
also a rounded handle and a little hook 
IS usually placed in the cavity to hold a 
bit of tinder. If the piston be forcibly 
driven into the cylinder and qmckly with 
drann the tinder will take Are, This apparatus can be very well made 
m the folloBing way Take a piece of brass of the requisite thickness — 
it la convenient but not uecessaiy to have it cast, when soldered to 
gether it renders boiing difficult — and bore out a block of iiood on the 
lathe, so that the cylinder cm be driven into it Turn off the top of the 
brass, and bore it through w ith a cannon drill It is better to use two or 
three drdls successively iSText take the bloct. with the bra^s from the 
lathe close it at one end insert in it a stout iron wire and All it with 
meiteii lead This wire with the lead is fixed on the lathe smeared 
with emery and o 1 and the tube ground out with it being constantly 
turned and slid back and lorth. 



Fig.lU 
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Several cylinders of lead must generally be ased Ih 1 t w th fine 
pnmice powder and oil. The piston-rod is made of a 1 t d & 

to make a shoulder for the plate a. A screw is cut th d f the 
piece b, and a little hole made for the hook c. Di k f 1 th k d 

with tallow are pressed between a and b, and turned tl lath Th 
piston must moye very easily, and yet air tight; it al th b 1 1 t 
of the uniformity of the tube. Finally, the handle of th tub Id d 

to it with tin, the wooden case having been previou 1 pi ff a d th 
tube is then turned off smooth and polished. Th pj at H n 

shops is not always made with so much care, and m h f n f 

being thus minute, is to describe the mode of boring a tube. 

(/) EXPERIMEFTS ON THE DIETUSIOIT OF HEAT. 

[311] The radiation from heated bodies is easily shown by the follow- 
ing experiment : Take a sheet of pasteboard and cut in it a round hole, 
a little larger than the blackened bulb of the differential thermometer, or 
the aperture of the funnel of the thermo-multiplier, Place this screen 
upright on the table, and behind it the thermoscope, so as to be entirely 
protected, and support a mass of heated iron on a level with the aperture, 
at the distance of 1 or 2 feet. The thermoscope is not affected by the 
iron, until it is placed before the aperture in the screen in a straight line 
with the heated mass. The thermoscope must not be more than 1 foot 
from the screen. 

[3123 For the remaining experiments on radiant heat, a pair of 
spherical or parabolic metallic reflectors, 14 to 20 inches in diameter, are 
required. They need not be very highly polished. Spherical mirrors 
are generally preferable, because they can be more accurately ground than 
parabolic ; the latter are not easily ground on account of their irregular 
curvature; bnt spherical mirrors can easily be made accurate enough to 
be used for optical purposes. They may be made at home in the follow- 
ing way : — 

Make a model of sheet iron with a ridius of 1^ to 2 feet thechjrdof 
which measures li to 20 inches Have a mirror made tfter this model 
of stoQt brass, {yellow metal ) with a strengthened nm A good workman 
will give the mirrors very nearly the correct foim with only slight 
inequalities of the surface Lay these disks ]n a tub filled with stw 
dust, and grind them with a hrge piece tf pumice stone and water until 
the whole surface appears uniform moving the pnmice sttne in epicycloi 
dal curves. The surface ^\ill very soon become spherical If after 
grinding awhile, considerable inequalities still appear they can be 
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i by hammering. The tedious operatioa of grinding can be done 
by any person, under proper supervision. When the surface h uniformly 
ground with pnmice-stono, take a thick piece of beech-wood charcoal, cut 
upon it a face inclined to the axis at an angle of 45°, round it oiT into 
the shape of the mirror, and with it grind away the marks of the pnmice- 
stone, by the aid of oil. The final strokes mast be made from the margin 
toward the center. The final polish is imparted with whiting. 

The finished mirrors are screwed to a strong plate of brass, fig. 186, by 
holes drilled before the grinding. The plate is attached below the center 
of the mirror, and hinged to the end of a bar of wood, about 1| inches 
square, on which it may be elevated or depressed by a wooden screw, b, 
fig. 78T. The bar must be, at least, 3 feet long, and be fastened in a 
triangular or square base, so that it can be placed immediately upon the 



Fig 786 



Fig. 788. Fig. 789. 



Fig. 787. 




floor. No other adjastiDg-screws are required. It is convenient to 
attach to the vertical support a horizontal arm, of such a length that the 
hole c, bored in the end of it, will be directly under the focus of the 
mirror. In this hole can be fastened by a binding-screw d, either a little 
table, fig. 788, or an iron fork, fig. 789, or a pointed wire. The table must 
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be broad enough to support the differential thermometer wita one of its 
bulbs in tlie focus. Separate stands may be used for many purposes, as 
in fig. 190. 

A cover of pastebord sliould be made to protect the mirror from injury. 

[373] Experiments with the reflectors — Place the two 



Fig 190 




mirrors parallel to each other, 
fig. 190, at a distance of 10 or 
20 feet, with their axes in the 
same straight line. The proper 
position is most easily found, 
by placing a light in the focus 
of one mirror and moving botli 
until the image of the light is 
seen in the focus of the other. 

(a) Place in the focus of 
one mirror the blacltened bulb of the differentia! thermometer, and in the 
other the iron fork, flg. 189, supporting a mass of 1 or 2 pounds of iron, 
heated nearly to redness. The thermometer will immediately indicate 
considerable heat, which will cease when a screen of wood, pasteboard, or 
glass is placed between the two mirrors— glass being, however, ather- 
manous only for rays of heat radiating from bodies below 312° F. 

{b) Place a live coal in the iron fork, and a bit of tinder in the focus 
of the other mirror; the tinder will soon be ignited, and the effect is not 
prevented by a pane of glass held between the two mirrors. In this case, 
however, it is advisable to place the mirrors nearer together, especially 
when they are not accurately spherical, because the heat is somewhat 
diminished by the glass, and the rays not being reflected entirely parallel, 
that portion which strikes the second mirror may not be sufficient to 
ignite the tinder. The coal must be briskly blown by a hand-bellows. 

(c) A lump of ice placed in the focus of one mirror will eanse the 
thermometer to sink in the focns of the other; 

{d) Take a cubical brass bos, polish one side, roughen another, paint 
a tliird white with lead and gum water, and blacken the fourth with lamp- 
black. When this is filled with hot water and placed in the focus of one 
of the mirrors, the difference in the radiating power of the four aides may 
be shown by the differential thermometer. The mirrors must be placed 
only a few feet apart, and the side of the cube n^xt the thermometer 
covered with white paper to prevent radiation in that direction. This 
esperimcnt can be made with one mirror, iig. 791, the focus corresponding 
to the position of the cube being found by the aid of a light. The cube 
must not be placed far from the mirror, and it is better to use two mirrors. 
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Although the effect in the ordinary differential thermometer is very 
perceptible, a the rmo -multiplier, g 341, is much better for the purpose. 



Fij 713 



for although the differential thermometer may be free from air and flUed 
With alcohol some rays of heat always fall upon the other balb althout,h 
they may not le concentrited and what is of moiP importance the 
in tiument partially ctvers the minor Besides this it requires mach 
longer for the differeutiil thermometer tc lest than for the needle of the 
galvanometer It is not even necea 
firy to wait for this fji the hnal 
deflection of the needle may be esti 
mited before it mes to rest The 
ereit difleience m the eflect of the 
var oui s des of the cul e makes this 
easier The arrangement of the ex 
pe iment is the same as n fig 791 
except that the thermo pile with its 
funnel turned toward the mirror is 
put in the place of the iiffeiental 
thermometer The [ ilo is kept c 3veri,d 
until the poles are connected with i 
galvai omf ter The water in the cube 
lb in the mean while hetted to boil 
ing by 1 lamp pla<?e 1 undei a stand 
flg 1 1" After lemovm^ the lamp 
uncover the pile observe the deflettion and replace the tovei Wh le 
the needle 13 coming 4p rcit the lamp may bo replace! undei the cube 
and another face turned toward the mirror When the tl ermo pile is 
used tho ni rror is not neccisary the funnel of the pile has only to bo 
placed 1 or 2 inches from the side of the cube even when the galvan 
ometei has only a few hundred turns 
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[374] Conducting power of solids.— In the eide of a brass 
vessel, fig. 793, solder from 4 to 6 similar tubes, 2 or 3 lines long, and in 
these insert bars of various substances, such as brass, iron, lead, glass, 
wood, et«., of equal length and thickness. Coat these bars lightly with 
melted wax, and pour heated water or oil in the vessel ; the wax will be 
melted on the bars to unequal distances from the vessel 



mg. 793. 





[875] Conducting power of liquids 

— Surround a glas cjhiidei fig 7''4 with a 

metallic vessel fill the cylinder with cold water 

holding thalk or amber in suspension then 

place a thermometet flg 717 on the bottjm of 

the glasa cylinder and hang a second m the 

water at the top When this i done \ our 

hot water into the metallic vessel The motioi 

of the particles of chalk will prove that th 

heated water ascends at the ides of the cylinder 

while the colder portions sink in the middle 

The upper thermometer nses rapilly nhiie the Itwer one remains 

unaffected 

The low conducting power of liquids may be shown by suspending a 
thermometer in a ve sel of cold water and then carefully pounng heated 
oil upon the surface or setting a capsule filled with burning alcohol upon 
It The thermometer remains a lone time unaftected An •kir thermom 
eter may be inserted tliiough a cork fitted in a hole in the side of the 
vessel, the bulb being placed near the surface of the liquid. 

The simplest mode of showing this experiment is to fill a test-tube 
with water, and hold it by the bottom in a slanjpig position over the 
lamp until the water boils. 

The following experiment answers the same purpose. Fasten a glass 
tnbe, 10 or 12 inches long and 1 inch in diameter, closed at one end, on 
a support, fig. 795. Fill the tube with water, and sink a lump of ice to 
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the bottom of it by a leaden weight; the water may be boiled in the 
upper part of the tube without melting the ice. 




Fig. let. 



The support fig. 795 is useful for many purposes. The sliding arm a 
supports a damp b, seen on a largo scale in fig. Vitli. This can be 
fixed in any position by means of the screw and nut c. The apparatus 
may he had of all philosophical instrument 
makers. 

The circulation of heated water is well 
shown by the apparatus fig. T9T. A glass 
tube is bent into a rectangle, and both ends 
cemented into a tubulated brass collar. The 
tube is filled with water, rendered turbid by 
powdered amber, supported by a clamp, and 
heated at one corner. The two corners, a 
and b. should be bent first, one of them 
cemented in and the other coated with seal- 
ing-wax ; and then the other two bends made, 
after marking their positions with chalk. 
! made of two pieces connected by vulcanized india- 
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APPENDIX. 



TABLES FOR REDUCraG PEENCH MEAStJEES TO 
ENGLISH. 



r MILLIMETERS AMD ISCHE8. 



Mma. Inches. 


MmH. Inches. 


MmB, lnel,«,. 


Mms. luehcB. 


100 = 27 '560 


736 = 28-543 


750 = 29-628 


775=30-512 


701 = 27-590 


726 = 28-583 


751 = 39-567 


776 = 30-552 


703 = 27-638 


727 = 28-632 


752 = 29-607 


777 = 30-691 


703 = 27-678 


728 = 28-661 


753 = 29-646 


778 = 30-631 


704 = 37-717 


729 = 28-701 


754 = 29-686 


779 = 30-670 


705 = 27-756 


730 = 28-741 


765=39-735 


780 = 30-709 


706 = 27-795 


731 = 38-780 


756 = 29-764 


781=30-749 


707 = 27-835 


733 = 38-819 


767 = 29-804 


782=30-788 


708 = 27-876 


733 = 28-859 


758 = 29-843 


783 = 30-827 


709 = 27-9U 


734 = 98-898 


759 = 29-882 


784 = 30-867 


710 = 27-953 


735 = 28-938 


760=29-922 


786 = 30-906 


711 = 37-992 


736 = 28-977 


761 = 29-961 


786 = 30-945 


712 = 28-032 


737 = 29-016 


762 = 30-000 


787 = 30-985 


713 = 28-071 


738=29-056 


763=30-040 


788=31-024 


714 = 28-111 


739 = 29-095 


764 = 30-079 


789 = 31-063 


716=38-150 


740 = 29-134 


765 = 30-119 




716 = 28-189 


741 = 29-174 


766 = 30-168 




717 = 28-329 


742 = 29-213 


767 = 30-197 




718 = 28-268 


743 = 29-252 


768 = 30-237 


Inehas. Mras. 


719 = 28-308 


744 = 29-292 


769 = 30-276 


28 = 711-187 


720=28-347 


745=39-331 


770 = 30-315 


29=735-587 


721 = 28-386 


746 = 29-371 


771 = 30-355 


30 = 761-986 


733 = 28-426 


747 = 39-410 


773 = 30-384 


31 = 787-386 


733 = 28-465 


748 = 29-449 


773 = 30-434 




724 = 38-504 


749 = 29-489 


774 = 30-473 
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r^S S 2 ^ S 

11 1 1 1 s 


» 


1 j 1 i i 


- 


15-43400 
18-15659 

108-09694 

10-80969 

1-08091 

0-10810 


„ 


13-22914 
16-01108 

93-65352 

9-26535 

0-92654 

0-09265 


. 


11-02428 
13-39151 

11-21210 

1-12121 

0-11212 

0-01131 




8-81943 
10-11805 

61-16968 

6-11691 

0-61110 

0-06111 


„ 


6-61451 
8-03854 

46-32126 

4-63313 

0-46321 

0-04633 


ffi 


4-40911 
5-35903 

30-88484 

3-08848 

0-30885 

0-03089 


- 


2-20486 
2-61951 

15-44243 

1-54424 
015442 
001544 


lie, 

Hlii 

t^ to 


1 % 


1 


1 i 

s i 
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LIST OF APPARATUS 

FOR A COMPLETE COURSE ON PHYSICS. 



A.— ON EQUILIBEIUM. 



A lifMiiKR of weights of any unit, or, 
instead of these, tin boxes for ooina, or 
sand, S 49. 

Some small Boale-pans, g 49. 
Arrangcroent for the parallelogram of 

foroee, ^ 50. 
Model of the knee-press, g 51. 
Inclined piano, | 53, 54. 
Apparatus lo illustr.ite the screw, J 55. 
Archimedes' screw, J 55. 
Model of a sorew-prcss, g 55. 
Apparatus to illustrate the wedgo, J 5G. 
Several pi.UejB, and gangs of pulleys, 

g 67, 58. 
Arrangement of levers, J 59. 
Wheel and nsJe, ^ 60. 
Jack for hoisting, and models of other 

comples machines, ^ 60. 
Set of regular figures of wood to illns- 

trate (he center of graTity, § 61. 
A figure balancing on a point, g G2. 
Double cone, ^ 63. 
A roller of homogeneous wood. 
A roller loaded on one side with lead, 

Chinese tumblera, ^ 64. 

Arrangement to illustrate stable equi- 
librium, g 65. 

Apparatus to show the position of the 
center of gravity in the balance, J 66. 

A fine balance, J 67. 



A common balance, | 69. 

Steelyard, g 71. 

Platform, or counter scales, J 72. 

Spring balance. 

Iron weights up to £5 lbs., g 70. 

Small brass weights, made to fit into 

each other, g 70. 
Apothecary's weights, | TO. 
A set of French weights, I 70. 
Marble plate and ivory ball, ^ 78. 
A glass trumpet, a, tube cut spirally, and 

a bunch of glass threads, ^ IS. 
Bologna flnsks, Kupert's drops, g 73. 
Arrangement to compare the absolute 

cohesion of various aubatances, ? 75. 
Cohesion plates of glass and metal, ^ 76. 
Arrangment for using the cohesion plates 

Plates for the adhesion of liquids, J 76. 

Apparatus to exhibit the uniform trans- 
mission of pressure, i 77. 

Hydraulic press, J 77. 

Labels for boxes and bottles. 

Hydrostatic bellowa, ^ 79. 

Apparatus to show the downward pres- 
sure of water, gso. 

Apparatus to show the upward 



.ting tubes, i 82. 

,ting tubes for different liq- 



nida, ^ i 



d by Google 



458 



LIST OP APPARATUS. 



SeTeral cjlindera of wood lo illustrate 
the Bubject of floating bodies, ^ 83. 

ArrBngeTneat to show the loss of weight 
in -water, J 84. 

Cartesian devil, I 85. 

Speoifio gravitj bottle, ^ 8G. 

Glass bulb loaded with mercury, | 86. 

NioholBon'g areometer, J 87. 

Volumeter, g 88. 

Tralle's hydrometer, J 91. 

Tall glass cylinder for tLe areometers to 
float in, ^ 91. 

Areometers of lieek, Beaural;, and Car- 

A common saccharlmetci', ^ {13, 

Hydrometer indicating tho specifio grav- 
ity directly, J 98. 

Capillary tubes, connecting with wider 
tubes, a 94. 

A lot of Bimplo capillary tubes, I 94. 

Conical tubes, g 94. 

A number of pieces of plate glass, | 94. 

A number of email glass bulbs, some 
empty, some loaded with mercury, and 
balls of wood, cork, wax, etc., | 94. 

Some plates of mica, ^ 94. 

Endosmometer, ^ 95. 

Torricellian tubes, g 96. 

A cistern barometer, | 97. 

A siphon barometer, ^ 97. 

Huyghen's double barometer, J 97, 

A wheel barometer, J 97, 

Arrangement to demonstrate Mariotte's 
law, g 98. 

An air-pump, J 99. 

Eeceiyers for the air-pump, including 



irith a slidin 






Magdeburg hemispheres, J 102. 
A cylinder for bursting bladders, 
Siphon barometer inclosed in r( 

U02, 
Bell to ring m vacuo, g 1U3. 
Apparutus for freezing water, J 1 
Flint lock to strike in taouo, ? It 
Siphon to be placed under a ri 

i 102. 
Arrangement to illustrate the th< 



Tangen 
3 102. 



;nt for ahower of i 



Baliince manometer, g 102. 

Receiver for condensed air, ^ 102. 

Fountain with compressed air, § 102. 

Glass balloon for weighing air, ^ 102. 

Tuba for falling bodies in racuo, J 102. 

Air-gun, ? 103. 

Siphons. I 104, 

Tantalus' cup, g 104. 

Pipettes, 1 104, 

Magic funnel and cans, g 105. 

Vestal's sieve, | 105. 

Hiero's fountain, g 106. 

Magic cask, 1 106. 

Models ofsuciion and force pumps, 3 107, 

Model of a fire-engine, g 107. 

Intermitting fountain, ^ 108, 

Manometers of various kinds, g 109. 

Hydrogen lamp, | 110, 

Gaa generator, ^ 110. 

Balloon of gold-beater's skin, or oollo- 

dioa. i 111. 
Glass vessels communicating by a cock, 

for the diffusion of gases, ^ 113. 



if.— ON MOTION. 

Atwood's machine, § 115. 

Apparatus to show the curve of projec- 
tiles, J 116. 

Whirling machine, | 117. 

Centrifugal railway, ^ 118, 

QyroBcope, or Bohnenberger's machine, 
2119- 

Apparatus for Fouoault's experiment. 



1 120. 



Arrangement for the fall of bodies 
through chords and arcs, g 121, 

A pendulum moving on knife edges, J 121, 

A reversion pendulum, | 121. 

Pendulum to beat audibly, ^ 122, 

Models of the eommcn clock and watch 
escapements, § 122, 

Apparatus to show the laws of impact, 
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Apparatus to demonstrate the law of 

incidence and reflection, ^ 128. 
Tribometer, | 124. 
Spouting Quid machine, J 125. 
Mariotte'a vase, ^ 126. 
Barker's miU, ^ 128. 



LIST OF APPAHATUS. 
Water 



, § 129. 
A gasometer, g 180. 
Plate pandoE tor Clement's experiment, 

gl32. 
Apparatus to illustrate tlie draft of the 

locomotive, S 132. 



C— ON ACOUSTICS. 
Whcatstone's undulation apparatus, 

^33- 
Troughs of glass and wood to hold water 



A rope to show undulations, g 134. 
Violineello bow. 
A tube to conduct sound, § 188. 
Closed anil opened organ pipes, J 141. 
Lip of an organ pipe with tnbea of vari- 

oua materials to fit it, J 142. 
Clamp with glass and metal disks for 

sound -figures, g 137. 
Extensible tube to sound in unison with 

a bell, a 142. 



Arrangement to produce sounds with a 

jat of hydrogen, ? 143. 
Apparatus to show nodes in tubes, 1 144. 
A siren, J 145. 
A manachord, ^ 146. 
Apparatus for longitudinal vibrations. 
11*7. 

Two tuning-forks, J 148. 

waves, § 149, 160. 
Apparatus for communicating vibrations, 

iisi. 

Model to illustrate vocal organs, § 152. 
Model of the ear, J 153. 



D.—OS OPTICS. 



A theodolite which may be used as a 

goniometer. 
A Bheet of gold-leaf laid between glass, 

^154. 
A long graduated bar, | 161. 
Stands for one and four candles, | 155. 
Photometer, | 155. 

Arrangement for the camera clara, ^ 157. 
Plane mirrors, common and black, 1 158. 
Hinged mirrors. 1 158. 
Kaleidoscope, g 158, 
ConcavB and convex mirrors, J 161, 162. 
Cjlindrical and conical mirrors, 1 162. 
Apparatus to show the law f fl n 

^59. 
Heliostat, g 160. 
Apparatus to show the law of ( 

gl68. 
Camera lucida. 

Tbe sis principal forma of ns, g 65 
A large lens of 2 to 4 feet focal distance, 

and several of shorter focus, % 165. 
A pocket lens. 



Several screens covered with whitepaper, 
1 to 10 square feet, and a small one 
covered with straw paper 

Prisms of flint and crown gla'ia. Solid 
and hollow, ^ 166. 

and sizes, g 167. 
An oscillaling prism, | 167. 
Apparatus for raeasuringrefraction,^ 167. 
Large glass bulb to illustrate the raia- 

bow, 168. 
Reusch's apparatus for tlio same pur- 



App 



illustra 



Aoh oma o prism, 






' illustrate spherical aber- 



Arrangement to eshibit fluorescence. 

?171. 
Stand for demonstrating the 

the eye, 1 172. 



of 
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Achromalic terreslrial telescope, ^ 184. 
Astronomical telescope, Tvith an arraoge- 
ment for equatorial mounting, | 184. 
Lenses mounted so as to illustrate tht 
■ theorf of the telescope, J 184. 
A reflecting telescope, J 185. 



m producing inter- 

Newlon's rings, 

cting the rings on 

m di'a experiment on 






1 dif- 



ta 



e the Tibrations of 

5195. 
gl97. 
to show polarii- 

■, and a model 
, I 200. 



spi 



Nichol'a prism, g 202. 
Thin plates of selenlte and mica. 
Polarising apparatus for liquids, 
A piece of unannealed glass. 
A press for glass, ^ 213. 
Daguevreotjpe apparatus. 



211. 



Magnetic bars. 

Magnetic bar wi 

Horseshoe magnet. 

A piece of load-stone, | 217. 



E.— ON MAGNETISM. 



I Magnetic needles, J 218 

A compass, 219. 

Dipping needle, § 228. 
I Bars of soft iron and ire 



i-eiings. 



F.—OS ELECTUICrrY. 



Pith balls on linen and silk threads. 
Amalgam— Chains and hoolis, g 234, 235. 
Rods of glasa and sealing-wax. 
An electrical needle, g 287. 
Electrometers of different sorts. 
Torsion balance, ^ 244. 
Proof-plane, | 246. 
Electrical machine, § 247. 
Steam electrical machine, ^ 255. 
Insulating stool, ^ 256. 
Electrical spider— Chime of bells, J 267. 
Eleolrio Seat— Gold fish, ^ 257. 
Arrangement for hail storm and pnppet 
dance, g 257. 



Electric piatol, g 257, 

Insulated globe and insnlated cylinder, 
g258. 

Arrangement to show the effect of points, 
^2B9. 

Insulated ball witli hemispherical caps, 
^ 260. 

A roll of gilt ribbon on an insulated 
roller, g 260. 

Conductors to exhibit electrical induc- 
tion, J 261. 

Franklin's plate with detached coatings, 
g262. 

f Lejdenjars, g 263. 
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LIST OF APPARATUS. 



Discharger — Henley's universal 

charger, g 264, 264, 
Lanne'a measuring jar, J 266. 
Powder cup, J 268. 
Press for glass, § 268, 
Thunaer house, g 268. 
Electric mortar, | 268. 
Kiunerslej's thermometer. 



Disks for producing cuvrt 

tion, I 268. 
Kleotrophorus, g 269. 
Condensers of brass, zini 

g271. 
Lightning tube, J 272. 
Spotted plate, § 272. 
Luminous letters, g 272, 
Electrical egg — Aurora tu 



G._ON GALVANISM. 



Copper and zinc plates for Volta's fun- 
damental experiment, J 276. 

Voltaic pile of 60 pairs, § 278. 

An assortment of binding-sorewfl, g 279. 

A single Wollaston's couple, | 280. 

Hare's calorimolor, ^ 281. 

Daniell's battery, g 285. 

Grove's battery, g 286. 

Buneen's battery, g 287. 

Zamboni's dry pile, § 289. 

Handles for reoeiying ahocbs, § 290. 

A spur mheel, g 291. 

Stand for supporting charcoal points, 
!2»2. 

Apparalus for produotioa of cold, g 29i. 

Voltameter, J 293. 

Arrangemeats for electro -mefallurgy, 
I 298. 

Apparatus to show the effect of the 
current on the magnetic needle, g SOS. 

Several galvanometers, B 304. 



Seyeral coils of wi 



Apparatus to show the i 

fluids, g 313. 
A small electro -magnet, § 313, 
An electro-magnet for diamagnelisi 

I 813, 337. 
A spiral for making artificial magnel 

isu. 

A model of some machine driven 1 

eleclro -magnetism, J 815. 
Electric telegraph, g 316. 
Ampere's stand, J 317. 
A pole-changer, ^ 318. 
A floating ring, g 320. 
Apparatus to show the rotation of ma 

nets or currents, g 321. 
Ilelices for fundamental eaperimenta i 



indue 



g 323, 



Ruhmkorf'a apparatus, J 831. 
Arrangement for the e jtra eum 
Electro-magnetic machine, ^ 3: 
Apparatus fo show the effect oi 

disks, I 386. 
Melloni's apparatus, J 341. 



^._0K HEAT. 



An assortment of thermometers. 
Differential thermometer, | 344. 
Maximum and minimum thermometers 

?345. 
Apparatus to show the eipanslon o 

bodies by heat, § 346. 
Model of a gridiron pendulum, g 343, 
Model of chronometer ■ 



Expansion apparatus for liquids, J 847. 



Apparatus to i 
density of w: 

Barometer tubi 
tension of Ta 

Apparati 



illUB 



.0 the condenser in 



engines, g 3i 



Condensing apparatus for gases, ^ S6T. 
Apparatus to sbow the tension of aque- 
ous vapor in a space tilled with air. 
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LIST OF APPARATUS. 



Water-hammer, ^ 360. 

Pulse-glaaa, g 360. 

Papin'a digester, g 360. 

Platina capsule for Siedenfrost's csperl 

ment, | 361. 
Various hygrometers, § 862. 
Psjohrometer, | 363. 
Liebig'B condenser, of glass, J 364. 
Cryophorus, g SOS. 
Hero's rotating ball, ^ 366. 



Model of eliding valves, g 36T. 

Fire-sjringe, § 370. 

Conoare reflectors, g 372. 

Cube for radiafion, 373, 

Coaduetometer, ^ 374. 

Apparatus to ahovr the low conducting 

powEr of liquids, J 875. 
Safetj-lamp. 
Model of a steam-engine, § 367, 368, 
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INDEX. 



)N, splierioal 199 

cliromatio 198 

AbaorptioQ of gases 133 

AiUiesiott 82 

AdhesLou plates — 82 

Agate cups. 244 

Air-gun 123 

Air-puiDp 112 

Alloys, fusible 418 

Amalgam 254 

Amalgamating zinc 325 

Ampere's stand ST6 

Analyzer. 228 

Andriessen'a eleotrometer. 260 

Apparatus, care of. 17 

indispensable 23 

Pascal's, to abow the 
downward preasure of 

water 88 

Ilaldat's, for the same 

purpose SO 

Arago's Totaling disks 399 

Archimede's principle 92 

Areometer, Nichalson's 95 

Areometers, with scales 90 

Armature of magne<s 243 

Atwood's machine 185 

Aurora tube 309 

Baok-stboke.- 282 

Balanoe T6 

Balanoer. 78 

BallooBfl 132 

Barlier's mill 167 

Barometor, construction of 109 

Batteries, galvanic 319 

constant 827 

Batterj, Daniell's 327 

Bunsen's „ 880 

Grove's 329 

lino-iron 334 

's metalUc colors 350 



Bellows 30 

Bindinff-EcrewB 318 

Bisma^, orjBtallizaUon of. 419 

Blast-lajiip 87 

Blast-table 29 

Blasting bj galfaniam 338 

Bohuenberger's electrometer 262 

Bologna flasks.... 80 

Bramah's press 84 

Breath-images 134 

Bronzing „ 849 

CAl.OABE0trs BFAB, electricity of..... 811 

Camera Clara 183 

obscura 209 

Canada balsam, cement of 229 

Capillary tubes 106 

Cartesian deril 98 

Cases for apparatus 17 

Cells for Bunsen's battery 888 

Cement 53 

Centrifugal railway 142 

Chains, use of as conductors 254 

Charging electrometers 264 

Chemical harmonica 168 

Centrifugal pendulum 142 

Chinese tumbler 74 

Circular polarization 239 

Circulation of tvater, apparatus to 

show 462 

Clay cells for batteries 827 

Cleaning apparatus 24 

Clement's experiment 161 

Cocoon fibres 267 

Cohesion, apparatus (o measure 

force of 81 

Cold produced by gnlTonism 839 

Colored rings in crystalline plates.^ 287 

shadows 208 

Colors of thin films 286 

Communication of vibrations 178 

Commutator. 877 
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Compass 24 

of sines 86 

Compensation pendulum 41 

Compound microscope 21 

Condenser SU 

LieWg's 43 

of tlie steam-engine, illus- 
tration of. 42 

CondensatioB apparatus for gasea— 42 

Condensation of aic IS 

Conducting poiver 3( 

power of liqoidfl for 

electricity 86 

power of solida 46 

Coppering by gahanism 34 

Cork-outtera £ 

Coulomb's electroEcope 2£ 

Counter-Bcalea 7 

Cryophorufl, Wollaston's ii 

Crystals, cutting of for optical pur- 
poses 2J 

Cnps, Volta'fl 81 

CuttiQg glass tubes • 

DaNIELl's HYaROMETEa i'i 

Declination - 2( 

Deflagration by gaWanic batter; 8' 

De la Rive's ring 3( 

Dellmann's electrometer 2i 

Diamagnetism 4( 

Diamond, use of. '. 

Diffraction 2! 

Dipping-needle 21 

Discharger 2'- 

Discbarging electrometer 21 

Diaguiswi electricity. 31 

Dobereiner's lamp.. l: 

Double refraction 2- 

Draft of locomotivea, apparatus to 

illustrate li 

Drilling glass ] 

Drills for metals 

Duration of tbe impression of light., 2' 

Efflux, yelocily of li 

Eisenlohr'a column of resistance 3' 

Electric telegraph 3' 

Electrical chime 2' 

needle 2i 

dance i 2' 

pistol _ 2: 

machine, management of. 2 

Syer 2 

breath-images S 

machine 2 

induction. experiments on 2 

Electricity, distribution of 2 

disguised 2 



Electricity, expecimeuta od 263 

developed by magnetic 

Eleefroljsis 840 

Electro- magnets 368 

Electra-magnedsm as a, motor 873 

Blectro-metallnrgy 848 

ElectrophoruB 303 

Elder-pith 268 

Emery 26 

Eolipile 37 

Equatorial mounting of telescopes., 215 

Equilibrium 74 

Escapement. 150 

Etching. 42 

Espansion, experiments on 405 

Expau^on of gases 410 

solids 412 

liquids 413 

bodies of heat 412 

Eye, structure of 201 

Fall, in vacuo 123 

Fall through chords and arcs HO 

Fire syringe 446 

Flat spirals 887 

Floating currenls 382 

Fluorescence 200 

Forces, composition of 61 

Forces, parallelcgram of. 88 

Forge 18 

Foncault'a experiment 143 

Frankenstein's process 848 

Franklin's plate 287 

Frauenhofer's lines 196 

Freezing mistures 416 

Friction, apparatus to measure 153 

FrictioD-'wheels 153 

Frog experiment 811 

Fusible alloys 418 

Galvanism, ciporiments on 311 

Galvanometer for eieoiro-metallurgy 846 

construction of. 351 

Gas apparatus 19 

blow-pipe 84 

Gases, ^condensation of 422 

speeiiic gravity of 122 

expansion of 416 

flow of, through tubes 160 

Gasometer 159 

Gilding 845 

Qlttsa-blomng 38 

Glass for electrical purposes 253 

pressed 240 

unannealed 240 

stoppers, grinding 27 

Glue 63 
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Gold-leaf electrometers 21 

Governors 1^ 

Grabnuil's freezing apparatus 41 

Graduating macMn^ '■ 

Gridiron pendulum 4'. 

Gutta-peroha 21 

Gjroscope 1' 

HALDAt'S APPAItATDS 1 

Hard steel, liow magnetised 3' 

Hare's calorimoter S! 

Helices for induction 31 

HelioBtat 11 

Helix 8; 

Henlej's uoiyersal discharger 2' 

Hero's rotating ball 4: 

Hersohel's esperiment on interfer- 

Hiero'sball I: 

fountain 1: 

Hoffer's method of magnetizing 2- 

Hopliins's experiment on nodes cf 

vibration ( 

Hydrostatic bcllowa I 

Hydrometer Tralle's ' 

Beclt'a 1' 

Beaum^'s li 

Cartier'a 1' 

Hygrometers 4 

Ice, formation of. 1' 

Iceland spar, formation of 21 

Impact, apparatus to illustrate li 

Inclined plane i 

Index ofrefraction,measurementof. 1' 

Induction, experimenfe on 3- 

Insulating stool 2 

Interference prism 2 

of light 2 

of waves 1' 

ofaouud-waves 1' 

Intermitting fountain 1 

JoiSTfl, how to make tight...... 

Kaleidoscope 1 

Keeper for magnets 2 

Knee- press 

Lanne's measuving-jar 2' 

Latent heat of water 4 

steam 4. 

Leoture-room 

Leidenfrcst's esperiment 4 

Lenses 1' 

Lever, illustrations of ' 

Lejden jar, eonstruction of 2\ 

Lichtenberg'a figures 8i 



Liebig's condenser 4 

Lightning tube i 

Link motion in locomotives 4 

Loadstone ^ 

Locomotive, model of. 4 

Longitudinal Tibrations 1 

Magio laktehk t 

Magic funnel 1 

Magdeburg hemispheres 1 

Magnetic cnrres - S 

Magnetic effects of the galvanic cuj> 

Magnetic banimer » < 

magazines '. 

Magnetism, experiments on '. 

induction of. 1 

Magneto-electric maohinea t 

Magnets, artificial t 

preservation of. ', 

natural 1 

power of ' 

Magnifying power of lenses, estima- 
tion of : 

Manometer. 120, '. 

Mariotte'B law '■ 

Matt«uooi's dislt ) 

Maximum power of the battery, 

how obtiuued i 

Maximum density of water ' 

Measure of resistance '• 

Measures 

Melloni's apparatus ■ 

Mercury, purification cf '■ 

Monochord 

Moulds for electrolysis ! 

Muenoh's galvanic apparatus i 

Miiller's pole -o banger ) 

Newton's hinos '. 

Niohol's prism ', 

Nobili's rings 1 

Nodes of vibration ' 

Norremberg's polarizing apparatus, i 
apparatns for sub- 
jective colors ! 

Ohm's law i 

Optometer, Slampfer's '. 

Organ-pipe, theory of... 
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Pascd's apparatus S3 

Pendulum 145 

Pendulum Tfith audiblfl beat 122 

Phantascope 205 

Photometer, KitoMe's 180 

Bunaen's 182 

Photometry 180 

Phjsiologioal effeclB of galvanie 

current 834 

Pipette 126 

Platform- Boales 79 

Plata paradox 161 

Plates for electrical machines 269 

Platiniiing 849 

PoinU, effect of on electrioitj 282 

Polarization of light 225 

Polarizing apparatus 225 

Pole-changer 877 

Press for glass 297 

Prisms , 192 

oscillating. 194 

for sulphide of carbon 193 

Projectiles, motion of. 133 

Proof-plane 205 

Psjchrometer 435 

tables for 486 

Pulley, construction of 67 

Pnlso-glaaa 426 

Pyrometers 412 

quadbani blbotko meter 258 

Kadiation of cold 449 

Radiant heat, esperimenCs on 449 

Rainbow, illustrations of 197 

Reflection of sound 166 

of light, Miiller's appa- 
ratus to illustrate 184 

Reflectors for heat 447 

Kefraolion 'i.... 180 

experiments on 189 

Regnault's hygrometer. 484 

Reinsch'a induction apparatus 390 

Eeuseh's apparatus 197 

Kbeosint 3C5 

Riohmann's law 445 

Rotary apparatus 382 

Eotating couduotora 879 

disks, rangnelic effects of. 399 

Rubmkorf'a apparatus 892 

Rupert's drops 80 

Saussuiie's Bi 

Sttvart's esperiment on sympathetia 

notes 168 

Scheiner'a esperiment 203 

Screw 64 



Screw, Muller's esperiment to illua- 

Silk for electrical purposes 258 

SilTflring 345 

Siphon 124 

anatjiinical 87 

Siren 171 

Solar microscope 210 

Soldering 50 

fluid 51 

Solenoid 380 

Solidification, heat of. 418 

Sound-figures 165 

Specific heat 445 

gravity, determination of... 93 

Spectacle- glasses, selection of. 204 

Spheroidal state of liquids 429 

Spouting-fluid machines 154 

Spur-wheel 385 

Stampfer's optometer 203 

Steam-engine 439 

models of. 441 

Steam, latent beat of 487 

Steam electrical machine 2T7 

Stedyard 79 

Stereoscope 209 

Straw electrometer 259 

Structure of the ear 179 

Subjective colors 207 

Tanoknt compass 360 

Tantalus' vase 124 

Telescope 215 

Tempering steel 44 

Tension of electricity on the induc- 
tion wire 392 

of galvanic pile 884 

of vapor in a closed space. 421 

Terrestrial magnetism 252 

Thaumatrope 205 

Tbermo-pile 402 

electricity 401 

electric currents produced 

with one metal 401 

Thermometers, construction of, 405 

. differential 411 

mum 412 

Thunder-house 298 

Tin-foil 289 

Tools 21 

Torricellian vacuum 108 

Torsion balance 264 

Total resection 191 

Tourmalin apparatus 280 

electricity of. 310 

Tribometer. 153 

Turning-lathe 22 

Tuning-fork 175 
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Uhbba and Penumbra 188 

Undulating machine 225 

Upward pressure of water 90 

Valves of steam-engine, model of.. 440 
Varnisliing 54 

Vaporizaljon, kws of. 419 

Vapors, diffusion of, through gases. 425 
Vernier 25 

Vestal's BieTe 126 

Vision 203 

Vocal organs 179 

Voltaic pile 315 

light 387 

Voltameter. 340 

WATEii-aAMMKa 426 



Water, maiimum density of 415 

Wares of a rope 164 

Wedge, illustrations of. 65 

Weighing air 121 

Weights 78 

Wheatatoue's apparatus 16S 

Wheel and axle 72 

Whirling-machine 137 

Widow's cruse 126 

Wire [Irawing 44 

wrapping niachiae 356 

Winter's elaotrieal machines 272 

Wollaston's cryophorus 438 

galTauio apparatus 320 

Wrapping nirea 356 

Zamboni's PILE 263, 865 
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J. S. LIPPINCOTT a Co.'s PUBLICATIONS. 

Nott and Gliddon's Types of Mankind. 

Types of Mankind, or Etbnolof^ical Researches, based upon 




the Ancient Paintings, Monuments, Sculptures, and Crania 
of Races, and upon Natural, Geograpliical, Philological, 
and Biblical History. By J. C. Nott, M.D., of Mobile, 
Alabama, and George E. Gliddon, formerly United States 
Consul at Cairo. One vol. 8vo. $5.00. 

Truly, "Typaa of Mankind" is a work in all respects worthy of ouv 
age and honorable to our coimtry. It is unique in conception, remarkablG 
in eKEoution, and in the Ihoroughgoing and outspoken mauner in which it 
strikes at the root of historical falaehooda, clerical ignorance, and philan- 
thropioal humbuga. At the same time it places the study of mankind 
upon philosophical foundations, new as ttey are noble, and durable ae tliey 
are simple. More useful soientififl knowledge, and more raried erudition. 
Tfere never before compressed into tie same apaoe. — JVeiu Tori Herald. 
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